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Chapter 1
 
The Fishes and Fisheries of the Victoria an~ Kyoga Lake Basins 
Overall fish production 
Most fish in Uganda comes from lakes Victoria, Albert, Kyoga, Edward, George, about 160 
minor lakes and rivers. Fish production of most lakes in Uganda has changed considerably 
since development of most of the fisheries started during the first half of the 20th century. 
Analysis of the changes that have taken place in these fisheries provides useful information on 
the potential and management issues associated with fisheries in Uganda. 
Total national fish catch statistics are not 'available for the period prior to 1960~. The trends in 
total fish production from the different water bodies between 1961 and 1995 are illustrated in 
Figure 3. Total fish catches were 60,000 to 71,000 metric tonnes between 1961 and 1965 and 
increased after 1965 reaching a peak of 245,000 metric tonnes in 1990. The increase from 1965 
to the late 1970s followed establishment of introduced Nile perch and Tilapiines to Lake Kyoga 
which reached a peak in 1978 and then declined. The second peak followed establishment of 
the same introduced species in Lake Victoria. This too peaked in 1990 after which catches 
declined. During 1970s, most of the fish came from Lake Kyoga while during the 19805 it was 
from lake Victoria. Although the above trend show an increase in total fish catches, historical 
trends in fisheries have been of decreasing catches especially of more desirable species. This 
impression can only be appreciated through examination of historical changes in individual fish 
production systems. The trends in total catches from major water bodies is illustrated in Figure 
4: A brief analysis of the fish stocks and fish production from the different water and the 
efforts to manage the fisheries of the major lakes is given below. 
Lake Victoria 
Lake Victoria is the largest'tropical lake and the second largest lake in the world. It has a 
surface area of 68,800 km2, a shoreline 3,450 km long, a catchment area of 193,000 km2, a 
mean depth of 40 m and a maximum depth of 79m. The lake is shared between Kenya (6%), 
Uganda (43%) and Tanzania (51%). 
·Originally, Lake Victoria had Cl diverse fish fauna (Graham 1929, Greewood 1965). About 12 
taxa comprised the commercial catches. The lake contained more than 300 species of 
haplochromines (Witte et al 1992a, b). O. esculentus and O. variabilis were the most 
important commercial fish species.' Other taxa, especially P. aethiopicus, B. docmac, C. 
gariepinus, L. victorianus, Barbus spp, Mormyrids, Synodontis species and S intermedius were 
also commercially exploited. 
The original fishing methods consisted of basket traps, hooks, seine nets of papyrus and basket 
traps. .These had little impact on the fish stocks. The pressure on Lake Victoria started to 
increase with introduction of more efficient flax gill nets in 1905. This resulted into an increase 
in fishing effort. Initially it was possible to catch as much as 50 to 100 O. esculentus per net of 
about 50 m each night (Jackson 1971) but this catch decreased rapidly over time. A fishery 
survey carried out in 1928 (Graham 1929) showed that O. esculentus were being overfished and 
recommended that minimum gill net mesh size limit of 127 mm should be imposed. This was 
imposed in 1931. However, there was no limit to the fishing effort especially the number of 
nets, boats and fishennen on the lake. As a result, the catch of o. esculentus continued to 
decrease and was 1.6 fish per net by the 1950s. As the catch in the larger mesh nets decreased, 
the fishermen shifted to- smaller mesh gill nets. The catch in the smaller mesh gill nets were 
better than those in the 127 mm mesh nets and this made the mesh size limit so difficult to 
enforce that it was repealed. 
As the larger species became scarce, fishennen shifted to smaller originally less preferred 
haplochromines and R. argentea. A fish stock survey of Lake Victoria from 1969 to 1971 
showed that haplochromines were the most abundant fish in Lake Victoria and comprised up to 
80% of the demersal fish stocks (Kudhongania and Cordone 1974) and remained so up to 1981 
(Okaronon et aI1984). 
L. niloticus and four tilapiine species; o. niloticus, o. leucostictus, T. zillii·and T. melanopleura 
were introduced into Lake Victoria in 1950s to improve declining stocks of large species. 
Stocks of Nile perch increased rapidly between 1971 and 1983. This was followed by a decline 
and in some cases total disappearance of some of the native species. About 200 out of an 
estimated 300 species of haplochromines disappeared. The fishery changed from a multi- . 
species to a three species fishery comprising Nile perch, Nile tilapia and Mukene. There were, 
however rapid increases in commercial catches. In the Ugandan portion of the lake fish catches 
had decreased from 41,670 metric tonnes in 1970 to about 10,000 metric tonnes in 1980. 
However, as the introduced species increased fish catches increased from 17,000 metric tonnes 
in 1981 to 132,382 metric tonnes in 1981 due to an increase in the contribution of Nile perch. 
Fish catches lake-wide increased five fold from about 100,000 to over 500,000 metric tonnes 
following establishment of introduced species especially Nile perch. 
The increase of fish catches following establishment of Nile perch was followed by increased 
establishment of fish processing plants, which fillet Nile perch mainly for export. This 
stimulated increases in fishing efforts. Fishing effort more than doubled from 3,200 ~anoes in 
1972 to 8,000 canoes in 1990. These factors need to be controlled if the fishery is to remain 
sustainable. There are indications that maximum sustainable yield (MSY) has been exceeded. 
Fish catches which had increased from 10,000 metric tonnes in 1980 to 132,000 tonnes in 1989 
·decreased to 120,000 tones in f991 to 103,000 tones in 1994 (Figure 4). There is therefore need 
to control further expansion of the fishery until adequate scientific data is available to guide on 
optimal levels of exploitation. 
Some of the interventions required on Lake Victoria include: controlling of fishing effort; 
controlling the use of destructive fishing gears and methods especially beach seines, gill nets of 
less than 5 inches and mosquito seines of less than 5 mm; and protection: of refugia. Uganda, 
Kenya and Tanzania have fonned the Lake Victoria Fisheries Research Organisation (LVFO) to 
co-ordinate uniform management of the fisheries of Lake Victoria. LVFO should spearhead 
these interventions. 
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Lakes Kyoga and Kwania 
Lakes Kyoga and Kwania are located wholly within Uganda between longitude 32°E to 34~ 
and latitude 1~ and 2~. It is at an altitude of 1037 m above sea level and covers an area of 
2047 km2. The lake is shallow with an average depth of3 m to 4.5 m. 
The most important commercial fish species at the time that the first fishery survey of these 
lakes was done by Worthington (1929) to the early 1950s were O. variabilis, O. esculentus, P. 
aethiopicus, B. docmac, C. mossambicus, S. intermedius, Barbus spp and Mormyrids. 
Haplochromines were abundant in the lake but as in Lake Victoria, were not commercially 
exploited. 
Introduction of more efficient fishing gears, especially gill nets without having a mechanism to 
control them had effects similar to those of Lake Victoria. Unlike Victoria; there was no control 
on the size of nets used on Lake Kyoga. Consequently, nets of 2.5 inches to 4 inches were 
freely used. The small mesh gill nets were harmful to the native tilapiines. This contributed to 
a fall in catch rates from about 30 fish per net in 1940s to only 7 fish per net in 1950. 
Tilapiine species and Nile perch were, as in the case ofLake Victori~ introduced in Lake Kyoga 
to improve the fishery. Total fishery yield increased form 18,261 metric tonnes in 1964 to a 
peak of 167,200 tonnes in 1978, due to the contribution of the two introduced species, Nile 
perch and Nile tilapia. However, total fishery yield decreased to 54,706 metric tonnes by 1989 
and have remained low since then. This suggests that Lakes Kyoga and Victoria might not 
sustain the very high catches realised after establishment of introduced species, especially Nile 
perch. The very high catches were, in both lakes supported by the haplochromine prey which 
were abundant in these lakes but which have since been depleted by Nile perch predation. 
As in the case of I.Jake Victoria, stocks of the native species declined- and others completely 
disappeared following establishment of the Nile perch again showing that introducti9n of 
predatory fishes have negative impacts on stock of native species. However, stocks of some 
haplochromine species have started to increase apparently due to a reduction in predation 
.pressure arising from over-fishing of the Nile perch and increase in the macrophyte cover 
following the spread of water hyacinth. The factors that are causing decline in total fishery yield 
and the recovery in indigenous fishes especially haplochromines should be examined. 
Fishery surveys carried out in 1991 and 1997 suggested that the fishery of lakes Kyoga and 
Kwania could collapse if no action was taken to control use of destructive fishing gears and 
methods and control the number of fishing boats. The fishing effort increased very fast from 
4045 boats in 1991 to 6500 boats in 1997. The size of gill nets decreased from 4~ inches 
stretched mesh in 1991 to as low as 2~ inches by 1997. Boat seines are rampant and are 
operated allover the lake and using very small mesh- size nets of 2~ inches to catch Nile tilapia 
and Nile perch. Many juvenile Nile perch and Nile tilapia· are caught as bye catch of the 
Mukene fishery. There is need to develop mechanisms of reducing this. 
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The management interventions on Lake Kyoga are similar to those for Lake Victoria. However, 
in addition to controlling fishing effort on Lake Kyoga, there is need to prohibit use of open 
water seines and to develop mechanisms to avoid the Mukene fishery from harming the 
fisheries ofNile perch and Nile tilapia. 
Lake Wamala 
Lake Wamala is located in Mubende District. Its area varies from 100 to 180 km2 dep~nding on 
the amount of rainfall. 
The lake originally had a native fishery consisting of P. aethiopicus and C. gariepinus. In 1956, 
the fishery was improved by stocking tilapiines, o. niloticus and o. leucostictus. # 
Lake Wamala was opened to commercial fishing in 1960 under controlled exploitation. Only 
250 boats using gill nets of 5 inches (127 mm) stretched mesh size were pennitted to operate on 
the lake. However, fishing effort increased rapidly to about 1000 boats by 1967. 
Fish catches increased from about 1000 metric tonnes in 1960 to a peak of 7100 metric tonnes 
in 1967 and remained between 4000 to 6000 metric tonnes annually from 1965 to 1976 (Figure 
3). Thereafter the catches declined to about 1000 metric tonnes and have remained below this 
level since then. 
During the 1970s, the catches were dominated by Nile tilapia (67%) followed by C. gariepinus 
(17%) and P. aethiopicus (15.1 %). The maximum size of Nile tilapia in the lake decreased 
from 32 cm in 1970s to 22 cm by 1990s and the size at first maturity decreased from 21 cm to 
14 cm during the same period. As the size of the exploited stocks decreased, there was a shift in 
the mesh size of gill nets used on the lake from 5 inches during the 1970s to 2.5 inches by the 
1990s. 
The volume and area of the lake also decreased. The shoreline of the lake receded by about 0.5 
km in some places and the depth decreased from about 4.3 min 1970s to about 1.7 m in.19?7. 
The decrease in the size ofNile tilapia may be partly due to the shift in the mesh size·of gill nets 
.used on the lake from larger to smaller meshes. However, stunting of the fish seems to have 
been caused by environmental 
t 
stress especially shrinking of the area and volume of the lake 
resulting into over-crowding and thus stunting of fish as is sometimes the case in over-crowded 
aquaculture ponds. Nile tilapia in the lake are also heavily infested by nematode parasites. The 
shrinking in the lake's volume and area could have been due to poor land use practices. 
Sustainability and improvement in the fishery of the lake will depend on adjustment of fishing 
effort - fishing gears and methods, number of boats and number of nets per boat, and curtailing 
environmental stress. . 
Some of the management interventions on Lake Wamala require revision of the gill net mesh 
size limit for the lake. Research is also required to establish the causes of stunting of Nile 
tilapia in the lake. 
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Nabugabo lakes 
Nabugabo lakes include five satellite lakes (Nabugabo, Manywa, Kayugi, Kayanja and Kitunda) 
located near the western shore of Lake Victoria. The first fishery surveys of Lake Nabugabo 
showed that the most important commercial fish species in this lake were P. aethiopicus, B. 
docmac, S. intermedius, C. gariepinus, O. esculentus and O. variabilis. The lake also contained 
21 other fish species of which eight were haplochromines. Of the eight haplochromines species, 
five were endemic and_are believed to have evolved within the lake in a period of only 4,000 
years. As in the case of lakes Victoria and Kyoga, Nile perch and several tilapiines species were 
introduced into Lake Nabugabo. This was accompanied by disappearance of many of the native 
species. Lakes Kayanja, Kayugi and Man~a which are adjacent to Lake Nabugabo but 
separated from it by extensive swamps contain O. esculentus and two haplochromine species 
previously found only in Lake Nabugabo~ These three lakes need to be protected to .conserve 
these species. Swamps around the lakes should be protected. to prevent Nile perch from 
spreading into the three lakes. . 
Stu.dies on lakes Nabugabo, Kyoga and Victoria (Ogutu-Ohwayo 1993, 1994, Chapman et al 
1995) have shown that some of the species which have been depleted from open waters of these 
lakes survive among marginal macrophytes and rocky outcrops found within or along the lake 
margin and in small satellite lakes which are separated from the main lakes. In order to 
conserve and restore some of the endangered species, it will be necessary to avoid destroying 
rocky outcrops and clearing aquatic macrophytes which are not weeds. 
The Kyoga minor lakes 
The Kyoga minor lakes complex consists of over 24 small lakes all of which are joined by an 
extensive swamps (Figure 1). Like the Nabugabo lakes, the Kyoga minor lakes contain endemic 
species whose stocks have been decimated by over-exploitation and Nile perch from lakes 
Victoria, Kyoga and Nabugabo. They are therefore valuable in conservation of the biodiversity 
lost from lakes Victoria, Kyoga and Nabugabo. Surveys carried out on these lakes since 1995 
show that O. esculentus and many native species which have been depleted from lakes Victoria 
and Kyoga still survive in these lakes. They would, therefore, be useful sources of restocking 
the main lakes should this become necessary. The Kyoga minor lakes also contain beautiful 
ornamental fish species that have sometimes been collected directly from the wild for export. 
The Koki lakes 
The Koki lakes consist of Lakes Kijanebalola, Kachera, Mburo, Nakivali plus about 14 smaller 
lakes. They are located in south-western Uganda (Figure 1). They are 3 to 4 m deep and are 
associated with extensive swamps. They are the single largest fishery of the P. aethiopicus. 
The original endemic tilapia o. esculentus of the Victoria and Kyoga lake basins is also 
abundant in some of the lakes. They have an important haplochromine fishery. 
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Rivers 
Uganda has extensive river systems and is the source of African longest river the Nile. Other 
rivers include Aswa, Dopoth-Okot, Paget, Katonga, Mayanja-Kato, Mpologoma. The lengths 
of these rivers is given in Table 2. These rivers are important sources of fish. Some of the 
originally cherished riverine food fishes such as L. victorianus have been decimated by 
destructive fishing gears and methods. Rivers are also important breeding areas for migratory 
species. 
Conclusions 
It is clear from the above account that fish stocks and fish species diversity of most of the lake 
including those which are under controlled exploitation have declined. These sIeclines seem to 
largely due over-exploitation, use of destructive fishing gears and methods, introduction caused 
by inadequate or total absence of effective management regimes. For the stocks to be 
sustainable, it is necessary to control the fishing effort and use of destructive fishing gears and 
methods. On the Ugandan and indeed all the African Great lakes, con~olling the number of 
fishermen, boats, or nets posses a great challenge because historically, most of these fisheries 
have been open for all. The open access policy needs to be evaluated and the fishing effort 
controlled on all the lakes. The number of fishermen, boats and fishing gears on all the lakes 
has been increasing rapidly. In many of the cases, more efficient fishing gears and methods 
have been introduced without having a means of regulating their deployment. It appears that 
management of fishery resources through regulation made an4 enforced by government 
machinery has not been successful. Mechanisms which involve user communities in 
development and management of fishery resources need to be developed and tried. The satellite 
lakes contain some of species whose population have been depleted from the large lakes and are 
important in conserving these species. 
/' 
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Table 1. The major lakes in Uganda 
Name of lake Total Area'(km2) Area in Uganda 
(km2) 
Depth(m) 
Victoria 68457 28655 82 
Albert 5335 2913 51 
Kyoga & Kwania 2047 2047 7 
Edward 2203 645 117 
George ·246 246 3 
Bisina 308 308 
Table 2. The major rivers of Uganda 
Name of river Length (km) 
Victoria Nile 426 
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Biology, ecology and the fishery of Mukene Rastrineobola argentea 
S.B. Wandera
 
Fisheries Research Institute (FIR!), Jinja, Uganda.
 
Abstract 
Food and feeding, condition factor, breeding periods, growth and size at first maturity of 
a small pelagic cyprinid Rastrineobola argentea (P.) in Lake Victoria are determined. 
Fishing gears and methods that have been used in the exploitation of the species and 
could be harmful to the fishery are outlin~d. Management measures leading to possible 
sustainable exploitation of the fishery are suggested. 
Adult R. argentea feed· on zooplankton during daytime. Juveniles feed on planktonic 
early instars of lakefly larvae. Although the species breeds throughout the year, two 
breeding peaks were observed during the drier months of August: arid December ­
January. Least breeding was observed in the rainy months of April-May and October ­
November. Fishes from the open water station at Bugaia showed higher numbers of 
breeding individuals than those from inshore areas. The mean monthly condition factor of 
fish from Napoleon Gulf confirmed breeding peaks as obtained from the number of fish 
with ripe gonads. . 
The species showed a mean instantaneous growth rate (K) of 1.75 and attains length 
infinity (Lx) of 54mm. Females of the species in these waters show a reduced size at 
maturity as compared to ten years ago when exploitation of the species was at minimal 
levels. The males have however not changed much. 
Introduction 
Rastrineobola argentea, a small pelagic cyprinid occurs in lakes Victoria, Kyoga and 
Nabugabo. Until about a decade and a half ago, Mukene was not being seriously fished. 
The then multi-species fishery on these lakes was based on larger table fish such as the 
endemic Tilapias, Oreochromis (Oreochromis) esculentus (G.) and Oreochromis 
(Nyasatilapia) variabilis (B.). The catfishes, Bagrus docmac and Clarias (Clarias) 
gariepinus (B.) and the lungfish Protopterus aethiopicus (H.) were also common in the 
catches. With the successful establishment of the introduced fish species the Nile perch, 
Lates niloticus (L.) and .the.: ..Nile tilapia, Oreochromis (Oreochromis) niloticus (L.) in 
these lakes, the indigenous species have almost disappeared from the catches. Due to its 
current position on the food web, Mukene plays an important role in the ecosystems of 
the lakes in which it occurs. It tran~fers energy from the lower (zooplankton) to the 
higher (Nile perch) trophic levels. The species also remains the only endemic species of 
the lake un~er serious commercial exploitation. It is second to the Nile perch. in the 
Ugandan waters of Lake Victoria, and holds first position at many. landings on Lake 
Kyoga. It is however not yet being fished on Lake Nabugabo. The species is exploited for 
both human consumption and animal feeds manufacture. 
Because of the previous little interest in the species, scientific information on R. argentea 
has been lacking. Now that the species is commercially important and its fishery is fast 
expanding in both lakes Victoria and Kyoga, it is necessary to understand its biology and 
ecology in order to manage its fishery. 
This paper outlines the biology, that is: the condition factor, breeding, growth, and 
maturity, and the fishery of the species in Lake Victoria. When available, data from the 
lakes Kyoga and Nabugabo are used for comparison wi~h the condition on Lake Victoria. 
This information could be useful in management, as the results given could be useful in 
taking management decisions necessary for proper exploitation of the fishery. 
Materials and methods 
Sampling area 
Sampling was done mainly in the Napoleon Gulf Pilot zone of the LVEMP, that is, the 
.	 Jinja waters of Lake Vict~ria Fig.l. Other sampling sites included·· Bukungu on Lake 
Kyoga and the camping site at Bbale on Lake Nabugabo. On Lake V"ictoria, the main 
sampling zone the areas covered were: ' \, 
a) Napoleon Gulf
 
An inshore zone,·off Jinja Town, where the lake is less than 15 meters deep. There is a~'"
 
fishing villag~,~ .Kikondo, where Rastrineobola is.-land~dfrom·ihe ·gulfwaters. This area
 




b) Buvuma Channel 
The Buvuma Channel area of the lake is between 15 and 20 meters deep. The zone 
represents what can be referred to as the "islands" zone. Here, numerous islands that 
fringe the lake on the northern shores occur. Artisanal fishing for Muk~ne is done in this 
zone because the islands protect the area. Fishing villages landing the species from this 
zone include Lingira, Kirongo, Itome Bay, the islands of Vuga, and Busiri and the 
southern portions of Buvuma Island at Kasaali. 
c) Bugaia waters . 
The deep open waters beyond the 30:..meter depth contour, outside the "islands" zone. In 
these waters fishing for Mukene is less intensive than the above zones due to the rough 
weather normally experienced in these areas. Some of the Mukene fishing villages here 
are Kasaali, Mubaale and Kijaka. 
Specimens obtained from other parts of the lake were examined just for comparisons with 
those from the pilot zone. On Lake Kyoga and Lake Nabugabo samples were only 
obtained from commercial fishermen and by experimental fishing respe~tively. 
Sampling methods 
Experimental fishing and sampling commercial catches were the main methods employed 
in sample collection. Artisanal fishermen caught fish by light attraction using kerosene 
pressure lamps as described in Okedi (1981) and Witte and van Densen (1995). 
Experimental fishing involved the method as by the above fishermen, beach seining and 
the use of a beam trawl net. The beam trawl net was operated from the research trawler as 
modified in Wandera (in press). On hauling fish ashore or aboard the canoe/trawler, a 
random sample of approximately O.5-kg was obtained. It was immediately preserved in 
5% formaldehyde solution, and appropriately labeled for laboratory analysis. Fish 
recove~e4" from the net was first weighed to determine the total catch. Different fish 
speoies were sorted out and weighed. :Random samples from each of the species were 
taken and preserved. 
Laboratory examination 
In the laboratory samples were soaked in water to remove excess formaldehyde. Length 
.	 frequency data were generated by measuring all the fishes (Standard Length to the nearest 
mm below) within the' sample. From e~ch one-mm length class 10 specimens were 
randomly selected for biolo"gical investigations. For every selected specimen, length and 
weight (to the nearest mg) were taken. The fish was cut open and sexed as in Bagerial and 
Braum (1978). The gut was dissected out and excess fat cleared. R. argentea has a tubular 
gut with a stomach ill-defined from the rest of the gut. The stomach was considered as the 
first of the three loops that constitute the gut. Its fullness was assessed by lightly 
displacing the contents to one end. It was then described as either less than a quarter, one­
quarter, half, three-quarters and full. These degrees of fullness were respectively awarded 
1, 2, 4, 8 and 16 points. The gut was slit open and the cont~nts poured onto a microscope 
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slide for examination. Under a dissecting microscope, food items were identified. 
Relative quantities of each food type were assessed by eye and expressed as percentages 
. of the total contents. . 
Results 
Food and feeding 
Adult R. argentea fed on zooplankton. Copepods formed the bulk of the food in the guts 
of these fishes. Juveniles of the species fed on copepods and the pelagic (early instars) 
stages of aquatic dipterans (chaoborids and chironomids). R. argentea found near the 
water surface and very close to the shoreline fed on a variety of aquatic insects common 
in these zones. Such insects included Odonata (zygopterans) and ephemeropteran 
nymphs, trichopteran larvae, adult hemipterans (coryxids) and even adult lake flies 
(chaoborids and chironomids) on days when swarms of them emerged. Samples of R. 
argentea obtained from the artisanal fishermen who used light to catch them were found 
to have fed on lakefly larvae and pupae. 
Analysis of the percentage of full stomachs covering a twenty-four-hour period revealed 
that Mukene fed .mostly during daylight hours (Fig. 2). 
Breeding periods and Condition factor 
Fishes at sexual maturity stages V and VI were regarded as breeding, while III and IV and 
VII were considered resting and spent respectively. Breeding was observed to be. taking 
place throughout the year in all the sampled zones. There were however peaks in breeding 
activities that occurred in the months of August and December/January (Fig.3). Least 
breeding occurred in the months of April to June and October to November.. 
Foulton's Condition factor (K) was calculated using formula: 
K= (Wx 100)/L3 
Where W = weight in gm, and L = length in cm. 
Only female fishes measuring 45 to 50mm SL were used in the calculation. Males were 
.	 left out because male gona~s (the testes) in this fish are so small that their influence on 
the overall weight of the fish is minimal. Rastrineobola longer than 50mm SL tend to be 
infected by a parasitic cestode Ligula intestinalis (Wanink 1992). The presence of the 
parasite could bias the condition factor of infected fish. This size was therefore left out. 
The majority of the fishes below 45mm SL is immature and thus contributes little to the 
breeding of the population. 
Populations of R. argentea from Kikondo showed peak condition' at similar times to 
breeding peaks that occurred in the months of August and December (Fig. 4). 
4 
Growth and size at first maturity 
Length frequency analysis of populations of R. argentea especially from Napoleon Gulf 
and Buvuma Channel showed progressive, increase in modal lengths (Fig.5). Using the 
ELEFAN computer program (Gayanilo, Soriano and Pauly 1988), growth parameters 
Asymptotic Length (Lx) Gro"Yth constant (K) Total and Fishing mortality (Z) and (F) 
respectively were obtained as shown in Table1 below. 
Tablel Growth parameters of R. argentea populations from Kikondo, Lingirra and 
Bugaia. 
Fishinuround Lx K z F
 
Kikondo 54.0 1.75 4.132 0.116
 




Fishes showing gonad sexual maturity stages I and II were considered immature while 
those at stages III and above were mature. Male R. argentea matured at 41mm SL while 
females matured at 42mm SL. At 45mm SL all the fishes examined were mature (Fig.5). 
The smallest mature female measured 37 in napoleon gulf, 39 in Buvuma Channel and 38 
mm SL in the open water at Bugaia. Males from the three stations were at 39, 38 and 35 
mm SL respectively. 
Discussion 
The main population of R. argentea performs diel vertical migrations together with the 
zooplankton it feeds on. These two stay down the water column during daytime and move 
to the surface waters at night. Feeding is therefore done during .daytime when prey is 
concentrated in one layer of the water column and there is enough light to enable sight 
feeding. At night, zooplankton is scattered all ov~r the top waters and feeding on this item 
could be difficult 'especially considering their sizes. Fish caught by artisanal fishermen 
fed on insect larvae mainly because the insects were attracted to light from the lamps. 
Specimens caught without light attraction were found to have mostly empty stomachs 
(personal observations). Juvenile R. argentea caught by light attraction still showed empty 
stomachs despite the abundant insects concentrated by light. These insects (later stages of 
.	 chironomid and chaoborid larvae or their pupae) may be too large for Mukene predation. 
Breeding peaks observed occurred during the dry months of the year. The timing to breed 
could have been synchronized with the period of abundant food for both the brooding 
stock and the young. Zooplankton abundance in the Jinja waters of Lake Victoria peak 
around the months of July and August (Ndawula-Mwebaza 1998). 
Around this time, Length frequency analysis of samples obtained show recruitment of 
juvenile R. argentea into the artisanal fishery inshore (Ogutu- Ohwayo et.al.1998). . 
Breeding peaks compare very well with peaks in condition factor observed abov~. The 
5 
open water station at Bugaia showed more individuals in breeding condition at any time 
than the inshore stations. 
Populations of R. argentea from near shore waters in Napoleon Gulf and Buvuma 
Channel show almost similar growth parameters. The offshore population in Bugaia 
however shows different growth figures. These fishes grow much more slowly but attain 
a larger adult size. The higher asymptotic length shown by this population could be as a 
result of less fishing pressure exeI1ed on Mukene in these waters. Weather conditions in 
the open waters at Bugaia sometimes do not permit light fishing that uses smaller canoes. 
Many times fishermen abandon fishing due to very rough weather. This reduces fishing 
pressure on the population and thus allows more fishes to grow to a larger size. 
Growth parameters shown in Table 1 indicate that R. argentea in Napoleon Gulf attains 
sexual maturity after nine months and breeds after one year. In a heavily fished ground 
like Pilkington Bay at Lingira, a cohort will disappear after 15 months. 
Over the last decade, commercial exploitation of Mukene in the Jinja waters of the lake 
has more than doubled. In 1987 Mukene was only fished at Lingira (Wandera 1992, 
Ogutu-Ohwayo et. al.I998). Fishing effort was then very low. About 10 canoes were 
operating 2 beach seine nets of 10mm mesh size stretched, as opposed to the current 
number of over 30 canoes using an equal number of boat seine nets of even smaller mesh 
(3-Smm). The size at first maturity then was 41 and 44mmSL respectively for males and 
females and 100% maturity was attained at 47mm SL. Changes in size at maturity is 
apparently a reaction to the increased fishing pressure being exerted to the fishery. The 
mean adult size of the population has also been reducing with increased fishing and 
predation pressure. Prior to the establishment of the Nile perch, which preys on the 
species, R. argentea grew to a larger adult size than was observed during the post perch 
era). A sample of R. argentea from Lake Victoria caught in August 1970 and stored in the 
FIR! museum shows a mean length of 60mm SL. This size reduced to 48mm in August 
1989 (Wandera 1992) and has further shrunk to the present 44mm for the same month of 
August. The combined effect of both predation by the Nile perch and fishing could be 
responsible for this gradual reduction in mean length of Rastrineobola populations in this 
lake. 
Management of the fishery of R. argentea 
Sustainable exploitation of R. argentea in both Lakes Kyoga and Victoria can be 
maintained if strict management measures are put in place. The most vital intervention 
points have been identified as: 
a) Fishing gears and methods. 
R. argentea is exploited by light attraction (Okedi 1981, Witte and van Densen 1995) The 
most common gears in use in the two lakes are scoop nets, beach seines, lanipara (boat 
seines) and lift nets. Beach seine nets capture many juveniles of both Mukene and other 
fish species found very close to the shores (Fig.6). Mesh sizes of nets used for capture of 
Mukene has evolved with time. In 1988 the mesh size of "beach seines in use at Lingira 
6 
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The Biology, Ecology and impact ~f the Nile perch, Lates niloticus in lakes 
Victoria, Kyoga and Nabugabo and the future of the fisheries 
By Ogutu-Ohwayo, R 
Nile perch (Mputa),'Lates niloticus was introduced into Lakes Victoria and Kyoga from lake 
Albert to increase fish production of these lakes by feeding on and converting the small sized 
haplochromines (Nkejje) which were abundant in these lakes into a larger table fish. It was, 
however, feared that Nile perch would prey on and deplete stocks of the native fishes and 
affect fish species diversity. Nile perch became well established and is c.urtently among the 
three most important commercial species. It is presently the most important export fish 
commodity from Uganda. Considerable changes have tak~n place in fishery yield, and in life 
history characteristics of the Nile perch itself since the predator got established in Lakes 
Victoria and Kyoga. 
After establishment of the Nile per~h, fishery yield in lakes Victoria and Kyoga increased 
five to eight times. Total yield in the Ugandan region of Lake Victoria increased from 17,000 
tonnes in 1981 to 132,000 tonnes by 1989 due to increase in contribution of Nile perch from 
14,000 tonnes in 1983 to 101,000 tonnes in 1989. Similarly fishery yield in Lake Kyoga 
increased from 18,000 tonnes in 1964 to 167,000 tonnes in 1978 due to the rise in the 
contribution of Nile perch from about 700 tonnes to 71,000 tonnes. However, the yield of 
Nile perch in Lake Kyoga later decreased to 15,000 tonnes by 1989 suggesting that Nile 
perch may not sustain the high yields realised soon after its establishment in the new habitats. 
This decline has been attributed to heavy fishing pressure, use of destructive fishing gears and 
methods especially beach seines, and reduction in food supply. 
Before establishment of the Nile perch, up to 14 fish species occurred in the commercial 
catches. After its establishment, the number of exploited fish species decreased to three, Nile 
perch, Nile tilapia and one native species; Rastrineobola argentea (Mukene). Although the 
original decline was due to overfishing, that after establishment of Nile perch was mainly due 
to predation by the Nile perch. Since 1991 stocks of haplochromines and other native 
species have started to inc~ease in Lake Kyoga. This seems to be due to the reduction in 
predation pressure as a result of over-fishing of Nile perch and the increase in cover from 
predation provided by the expansion of the water hyacinth. 
Before Nile perch become well established in lakes Victoria and Kyoga, haplochromines and 
small mormyrids (Kasulu) were its main food. As populations of Nile perch increased, stocks 
of haplochromines and other native species declined. Thereafter prawns, Caridina nilotica 
and dragonfly nymphs became the dominant prey of juvenile Nile 'perch while larger Nile 
perch ate Mukene, Nile tilapia and its own young. The average sizes and numbers of prey 
eaten have also changed. Following increases in haplochromine stocks in Lake Kyoga since 
1991, haplochromines have again become important food of Nile perch in the lake. Similar 
increases in haplochromine stocks have started to occur in inshore areas of Lake Victoria. 
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Nile perch in the~ewhabitatswere initially heavier and fatter than in native habitats due to 
~bundance, at that time,of vulnerablehaplochromineprey.Afterhaplochrol11ineshad been 
depleted, the average weight of the fish de9reased and they are now lighter than even in their 
original habitat. Reduction in Nile perch prey through humanover-exploitat~oncan depress 
the condition of the Nile perch to Jevels that would affect the health of its stocks and should 
be avoided. There is therefore need to control exploitation ofNile perch prey. 
Male Nile perch mature at 50 -55 em total length and females at 90 -100 em. The species 
has a very high reproductive potential; .females produce 3to 18 million ,eggs .depending on 
size. There are more· males than femaleS· in Lakes Victoria and· Kyoga than· was the case' 
when food was. abundant., .Although reproductive potential of the Nile perch does not seem 
threatened by changes in prey supply due to the very large numbers of eggs produced, the 
male biased sex. ratio might have some effects on the stocks. . 
The decline in Nile perch yield in Lake Kyoga, the reduction in the prey supply ~n the new 
habitats, the decrease in average weight of the Nile. perch and the male biased. population 
suggest that Nile perch· may not sustain the very high yields· realised soon .. after its 
establishment inLakesVictoriaandKyoga~ This situation is compounded by the very high 
fishing pressure·.on the.species due to.the very high demand for fish by the increasing human 
population, and the export oriented fish processing plants. 
For the Nile perch .fishery· to remain sustainable, it is recommended that: 
• destructive fishing gears and methods should be controlled 
• fishing effort should be regulated and 






The biology and ecology of introduced tilapiines an«:l what impacts they have on the 
fishery in the victoria and kyoga lake basins 
(naga'li JafUl) 
Abstract 
Since ·1951, several species of fish have been introduced to Lake Victoria with a twin 
object of establishing stocks of commercially valuable species capable of exploiting an 
ecological niche which was under-utilized, ·and of yielding adults whose large size would 
encourage the reintroduction of 5 inch gill-nets. 
Data were collected from lakes Victoria, Mburo, Kachera, Wamala, Kayugi, Nabugabo in 
the Victoria lake basin, Kyoga, Nawampasa and Nakuwa in the Kyoga lake basin and 
rivers Nile and ,Sio. Some satellite lakes in the Victoria and Kyoga lake basins sinc.e 1997 
to date on the distribution, population structure, Length! weight relationships, condition 
factor, food, sex ratios and size at first maturity of o. niloticus, O. leucostictus and T. 
zillii. 
Most O. niloticus were encountered in the middle waters (4.1 p.n) followed by offshore 
waters (3 p.n) and fewest in the inshore waters (2.5 p.n) while were mostly in offshore 
waters (3.3 p.n) followe~ by inshore waters (2.8 p.n) and lowest in middle waters (1.8 
p.n). 
Most O. niloticus and O. leucostictus lay in the size class of 16.0-20.9 cm TL (26.2 % and 
41.5 % respectively), while it was 11.0-15.9 cm IL (55 %) for T. zillii. 
O. niloticus from River Sio had a very high condition factor K of 6.17. For O.
 




Overall, the Blue green algae were the most important food group of both O. niloticus '!I1d 
O. leucostictus (43 % and 41.6 % respectively) while it was Diatoms for T. zillii (16.5 %). 
. There were generally more n,ales than females in all the species giving ratios of 1:0.97 in 
O. niloticus, 1:0.82 in O. leucostictus and 1:0.63 in T. zillii.
 
Results from this study show that there are major differences in the abundance,
 






Oreochromis ni!oticus, Tilapia zillii, and O. leucostictus were introduced into lakes
 
Victoria and Kyoga since the early 50s (Lowe-McConell, 1956; Mann 1969). The fish
 
introductions were used as a management tool to enhance production in some aquatic
 
systems for aquaculture, sport and ornamental purposes (Ogutu-Ohwayo R. 1987). In 
many areas these species especially O. niloticus became dominant apparently excluding 
the native tilapiines (Welcomme, 1966) and O. niloticus is now the most successful in 
terms of abundance and commercial importance in the two lakes. In Lake Victoria, the 
species is the main tilapiine comprising more than 60 % of all tilapiines, and at least 45 % 
of the total biomass of all fish- in the littoral habitats (Balirwa, 1998). The species 
reproductive and survival strategies in the new habitats might either be similar or even 
superior to those in the populations from lakes Albert or Turkana where the species is 
endemic. The success of the Nile tilapia in the new environments has been attributed to 
such factors as hybridisation with endemic species (Welcomme, 1964, 1967; Morean et 
ale 1988), competitive advantage for spawning grounds (W~lcomme, 1967; Fryer & lIes 
1972; Lowe-McConell, 1975; Ogutu-Ohwayo & Hecky 1991), wide habitat tolerance 
(Twongo, 1992), wider food spectrum, faster growth and growth to- a bigger~size than the 
native tilapiines (Ogutu-Ohwayo R. 1987) and higher fecundity than endemic tilapiines 
(Lungayia 1994). 
Because of their ecological dominance and commercial importance, many studies have 
been carried out on these introduced species especially O. niloticus, however, because 
there may be major changes in ecological and biological aspects of the species due to 
environmental changes and through ~ybridisation, this study aims at investigating these 
aspects and comparing them with the available literature. 
1.2. Literature review 
1.2.1. Distribution of the species in the lakes 
The distribution of o. niloticus within lakes seems to vary with ecological conditions. 
Following species stockings in Lake Victoria, Welcomme (1964) associated the presence 
of young O. niloticus along gradient beaches with the species considerable resistance to 
high temperatures. The fishes were also thought to move progressively offshore with 
increase in size (Welcomme-·1966). It seemed that the peak in reproduction associated 
with rainy seasons (Lowe-McConnell 1975, 1987) was thought to be related to the 
appearance of small fishes in shallow lagoons and this pattern probably accounted for the 
presence of large fishes nearer to the shore. 
A study of the spatial distribution patterns of the o. niloticus commercial fishery in Lake 
Victoria by Balirwa (1 990) ..indicated that fish of25±10 cm TL were more often caught in 
the vegetated littoral zone while the bigger fishes of over 35 cm were more common 
offshore near bottoms towards deeper waters. However, several studies on O. niloticus in 
African lakes where it is endemic, suggest that shallow areas are important in the biology 
of the species (Balirwa 1998). 
In lakes Albert and Rudolf (Turkana); Lowe-McConnell (1957, 1958) observed that. o. 
niloticus were found only around the edges of the lakes; in Lake Edward, the species was 
found well away from the shore while in Lake George it was found allover the lake but it 
was less common near papyrus-fringed shore lines. 
O. leucostictus was found in lagoons in the Mwanza and Kavirondo Gulf and near the 
papyrus fringe in the shallow muddy bays and inlets of Lake Victoria (Welcomme, 1967); 
2 
Quarter (1/4) food up to about 1/4 of stomach volume 2 
Empty (0) stomach empty and collapsed e'O 
The importance of each of the food items was obtained from these points by calculating 
the percentage relative importance of the food in the stomachs. 
3.0 Results 
3.1 Distribution 
There were generally more O. niloticus per net in the middle waters (4.1±O.4), followed 
by offshore waters (3 ±O.8) and least in the inshore waters (2.5±O.5). In Lake Mburo, 
the middle and inshore waters had the most fish (3±O.4 and 3±O.6 respectively) while the 
offshore waters (1.4±O.2). In Lake Kachera, there were more fish in the middle (9.8~O.6) 
followed by offshore waters (7±1.4) and least in the inshore waters (3.3~1). In Lake 
Wamala the were more O. niloticus in the middle waters (2.57±O.4) followed by inshore 
(1.82±O.2) and least offshore (1). 
The biggest mean of o. leucostictus was generally found offshore (3.3±O.6) followed by 
inshore (2.8±O.4) and least in the middle waters (1.8±O.4). In Lake Kachera most fish 
were encountered offshore (4.1±O.7), followed by inshore (3.7±O.5) and least middle 
(2.4±O.6) while in Lake Mburo most fish occurred inshore (2.3±O.5), followed by middle 
(1.3±O.2) and least offshore (1). In Lake Wamala, most fish were inshore (2.5±O.9) 
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3.2. Population structure 
Comparing size of each species between lakes, most T. zillii in Lake Kayugi ranged 
between 6-15 em TL (80 %) followed by 16-20 em TL (20 %) while in Lake Nabugabo 
most fish lay between 11-15 em TL (69.23 %) followed by 16-25 em TL (30.76 %). 
Most O. leucostictus in Lake Kaehera ranged between 26-30 and 16-20 em TL (25 %) 
followed by 31-35 and 21-25 cm TL (17.9 %) each. In Lake Mburo, most fish lay 
between 16-20 em TL (53 %) followed by 11-15 em TL (25 %), in Lake Nabugabo most 
fish lay between 11-15 cm TL (44.4 %) followed by 21-25 em TL (33.3 %) and 16-20 em 
TL (22.2 %). In Lake Wamala most fish lay between 11-15 em TL (66.67 %) followed 
by 16-20 em TL (33.33 0/0). Most O. niloticus in Lake Kachera ranged between 16-20 
em TL (48.9 %), followed by 11-15 em TL (.22 %),21-25 em TL (17 %), in Lake Kyoga 
most fish were between 16-20 em TL (23.8 %), followed by tl-15 and 21-25 em TL (19 
%) each. In Lake Mburo, most fish lay between 26-30 em TL (42.5 %) followed by 21­
25 em TL (234 %), in Lake Nabugabo most were between 11-15 em TL (54.55 %) 
followed by 16-20 em TL (25.75 %) while in Lake Wamala most lay between 21-25 em 
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3.3. Condition factor 
There was no sequecial difference in the fish condition according to size. Generally, o. 
niloticus had the highest factor of K = 2.09 followed by O. leucostictus K=I.93 and K 
= 1.97 for T. zillii was the lowest. Comparing the condition value of a species between 
lakes, O. niloticus from R. Sio had the highest K value of2.19 followed by lakes Wamala 
and Victoria K= 2.12, Lake Kachera K= 2.10, Lake Kyoga K= 2.09, Lake Mburo 2.05, 
Lake Nabugabo K=I.97, River Nile at Bujagali K= 1.91 and Lake Nakuwa K= 1.73 had 
the lowest. O. leucostictus from Lake Kachera had the highest K value of 2.11, followed 
by Lake Wamala 2.08, Lake Mburo K= 1.9, Lake Kayugi K= 1.84, Lake Nabugabo 
K=I.59 and lowest in Lake Nakuwa K=1.52. T. zillii from Lake Kyoga had the highest K 
value ofK=2.52, Followed by Lake Kayugi K=2.07, Lake Nabugabo K=I.91 and Lake 
Nakuwahad the lowest K= 1.82. 
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O.niloticus fed on a very large diversity. of food items. On the overall, Microcysts were 
the most important food item·encounteredinstomachsof O. niloticus (2~.8 %) followed 
by Detritus(16.8%), Aulcicosira(15.48 %)and Chironomid larvae (9.6 %) which formed 
major proportions to the diet. While, forTzilliiDetrituswasthe most important food 
item (60.3 %),and the rest ofthe food items contributed less than 10% each. Inthe case 
of O. leucostictus, Detritus (52.9 %)wasthemost important food item encountered in 
stomachs, followed by Microcysts (26.9 %), and Anabaena (10.3 %) which formed major 
proportions to the diet. The most important food items in the·diet .. of O. niloticus in the 
various habitats were; in R.Nile, it was Microcysts·C30O/o), in lakes Kachera andWamala 
it was Microcysts (32% and.45.4 % respectively),<R.Sio1\l1abaena (50%), in Lake 
Mburo it was Chironomid larvae (37.3 ~dinLakeNabugabo it was Detritus (41.8 %). 
Detritus was the most important food item in the diet ofT. zillii in the various habitats. It 
was (55.26 % and 63.84%) in Lakes Kayu~fand NabugahOtespectively..Detrituswas 
also the most importantfor 0. leucostictus from an habitats. Itwas40.6 %in Lake 
Kachera, 50.%in Kayugi, 81.4 % in Nabugaboand 60% in Nakuwa. 
For T.zillil5stomachs were examined in LakeKayugi,8inLake Nabugabo and 13 
stomachs in total. ForO. niloticus 3 stomachs were examined in Victoria Nile at 
Bujagali, 81 in Kachera, 1 in Kyoga, '24 in Mburo 42 in Nabugabo, 58 inWamalaand 
180 stomachs overall. For O. leucostictustherewere'14stQ111achs in 1 in Kayugi,·.2 in 
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3.5. Sex ratio 
The overall sex ratio for O. leucostictus was M:F 1:0.82, while for O. niloticus sex ratio 
was M:F 1:0.97 and for T. zillii was 1:1. 
The sex ratio of the various species in the different lakes 
O. Lake 
leucostictus 
sex Kachera Mburo Nabugabo Wamala Total
 
F 8 3 4 4 19
 
M 14 10 5 2 32
 
Total 22 13 9 6 51
 
Ratio 1:0.57 1:0.3 1:0.8 1:2 1:0.59
 
O. Lake River 
niloticus 
sex Kaehera Kyoga Mburo Nabugabo Wamala Bujagali Total
 
F 36 2 22 20 94 2 176
 
M 60 11 16 45 32 4 168
 
Total 97 14 38 65 126 6 346
 




sex Kayugi Nabugabo Total
 
...,F :> 5 8
 
M 0 8 8
 
Total 3 13 16
 
Ratio - 1:0.63 1:1
 
3.6 Size at first maturity 
The size at first maturity of O. niloticus was between 18 - 25 em TL. It was highest in -. 
Lake Nabugabo (25 em TL), followed by Lake Kyoga (20.5 em TL), Mburo (19.8 em TL) 
. and lowest in Lake Kaehera (18.2 em TL). 
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Discussion and conclusions 
It has been discovered that marked differences occur in the population characteristics of 
the non-native tilapiines present in the Victoria and Kyoga lake basins. 
In habitats where, O. niloticus is endemic it was mostly found in shallow areas while in 
the present findings it was mostly in the middle waters. o. leucostictus were mostly 
offshore unlike in the past when they mostly occurred in the shallow and deoxygenated 
swamps marginal to the lake or the lagoons (Welcomme 1964). This could be caused by 
the shallowness of the sampled lakes or due to over-fishing at the shoreline. 
In lake Victoria specimens of O. niloticus of up to 40-50 cm TL were caught"'(Witte & 
Wim 1995) while the maximum size of O. leucostictus was 36.3 cm TL and occasional T. 
zillii of40 cm TL were caught (Welcomme 1967). In the present findings the above held 
apart from T zillii where the size had dropped and the largest was 21-25 cm TL. This 
difference in population structure may be due to the type and amount resources and space 
available. 
O. niloticus was reported as a phytoplankton feeder feeding on a wide variety of 
organisms which is also the ease in the present findings. While o. leucostictus fed 
entirely on bottom material which is also the ease in the present tindings. 
In the present study, the blue-green algae (Cyanobacteria) especially the Microcysts were 
most dominant. However, relative importance of the various food items was varying at 
the different samplings and therefore there was a possibility that the food items eaten 
varied seasonally depending on what was available. 
In the early 1950s, the size at first maturity was at 19 -23 cm TL by then, and 50 % 
maturity was at 22 -28 em TL (Lowe-McConnell, 1956a; Fryer & lIes, 1972). At the end 
of the 1950s size at first maturity had declined to 18 - 20 em TL and 50 % maturity was at 
22.5 -23.8 em TL (Smith Sound Tanzania). In the present study 50 % maturity size of O. 
niloticus was below 22 em TL. Size at 50 % maturity for all the tish examined was less 
than 21 em TL. 
Conclusions and Recommendations 
The results of the present study show a general similarity in the biology and ecology of 
the non-native tilapiines with what is already known in the Victoria and Kyoga lake 
basins with some small differences 
In addition it was discovered that these species are doing well in the their new habitats 
and sometimes even better than in their endemic habitats, however, some lakes are being 
overpolluted and exploited that they require being protected. 
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THE BIOLOGY AND ECOLOGY OF NATIVE NON-CICHLIDS IN THE
 
VICTORIA AND KYOGA LAKE BASINS.
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Jinja. 
An Over-view of Other Native NOD.-cichlid species of Lake Victoria 
An overview of the biology and ecology of some of the constantly less important 
commercial species is given below. These included Bagrus docmac, Clarias gariepinus, 
Protopterus aethiopicus, Labeo victorianus, Barbus spp, Monnyrids, Synodontis spp, and 
Schilbe intermedius. The stocks of most of these species declined due to over-exploitation 
and introduction of non-native fishes especially Nile perch. A few of these taxa still survive 
in the main lake and others in satellite lakes. The current status of these species in the 
Victoria lake basin is not known but the available information provided some information 
on some habitat and other requirements of some of these originally important species of the 
Victoria lake basin. 
Bagrus docmac 
The catfish, Bagrus docmac is widely distributed occurring in lakes Victoria, Kyoga, Albert, 
Edward, George and Nabugabo. Before the Nile perch upsurge, B. docmac was widespread 
in Lake Victoria in both shallow and deep waters but are now very rare in Lake Victoria and 
are virtually absent in lakes Kyoga and Nabugabo. They can grow to a length of 100 em 
and a weight up to 50 kg. They feed· mostly on insect larvae, crustaceans and small fishes 
especially haplochromines. They breed in wave washed rocky shores but juveniles have 
also been recovered from rivers and rocky shore sand beaches. The smallest mature fish are 
20 to 24 em but 50% maturity is 35 em for males and 25 cm for females. Fecundity is 2,000 
to 88,000 eggs in fish of45 and 54 cm fork length. 
During this survey B. docmac was only encountered in River Nile and Lake Victoria. One 
fish examined showed that B. docmac fed mainly on insects namely Odonata and terrestrial 
insect (cricket) and fish. The size B. docmac from River Nile was 29 cm total length. 
Clarias spp 
There are about five species of Clarias in the Victoria Lake Basin. These include: Clarias 
gariepinus, C. carsonii, C. alluaudi and C. liocephalus. Ofthese C. gariepinus is the largest 
and commercially the most important. They are still common in lakes Albert, Edward, 
George and the Koki lakes and became rare in Lake Victoria only after establishment of 
Nile perch. They are widely ?istributed within individual water bodies but are most 
abundant in shallow inshore areas near marginal vegetation. They posses accessory 
breathing organs which enable them to utilise atmospheric oxygen and to survive in water 
with low oxygen concentration. C. carsoni and C. alluaudi form an important fishery in 
swamps. 
C. gariepinus can grow to a length of 120 cm and a weight of 35 kg. They are omnivorous, 
feeding on small fishes, insect larvae, molluscs and plants. They mature at about 50 cm TL 
in Lake Victoria and at 25 to 40 cm TL in Lake Kyoga. There are equal numbers of males 
and females in the population. They produce 5,000 to 192,000 eggs depending on size of 
the fish. They breed in small streams which flow into the lakes during the rainy season. 
Eggs are attached to plants and debris in the bottom of the stream. The young spend the first 
six weeks of their life in the stream and move to the lake at about 2.5 em. There are about 
40 cm by the end of their third year of life. 
During this survey three Clarias spp" were encountered. C. gariepinus was found present 
almost in all lakes sampled with the exception of lakes Nabugabo and Agu. C. liocephalus 
occurred in lakes Wamala, Kachera and Nakuwa. C. carsoni occured only in Lake Wamala. 
From the few tishes examined for food, C. gariepinus fed on fish, Chironomid larvae and 
pupae. The size range for C. gariepinus was 21-80 cm and C. liocephalus 
15-36 em. 
Protopterus aethiopicus 
The lung fish, Protopterus aethiopicus is widely distributed in virtually all the water bodies 
in Uganda. It can grow to a length of 2 metres. P. aethiopicus can aestivate and remain 
dormant vvhile enclosed in a mud cacoon during the dry season. It depends on atmospheric 
oxygen and breathes by a pair of well developed lungs. Within the lakes it is most abundant 
along the swampy shores. It feeds on molluscs but also ingests small fish especially 
haplochromines. The size at first maturity is between 73 and 84 em. Fecundity increases 
with the size of the fish and mean fecundity has been· estimated" as 8960 eggs. There are 
more males than females (1.8:1) in the populations. P. aethiopicus exercises parental care. 
Males prepare nests and after the females have spawned, the males guard the nests and 
aerate them by stirring up water. Juveniles of 5 to 30 cm long are common in matted roots 
ofpapyrus and are now common in water hyacinth mats. 
During this survey P. aethiopicus was encountered in all the lakes sampled. It mainly fed on 
higher plant material, some detritus, algae and Ostracodes. However this fish is not 
expected to feed on higher plant material. This suggests that may be these food items are 
taken accidentally as the fish is capturing its prey. The size range of P. aethiopicus was 
25-99 cm. 
Labeo victorianus 
The Ningu L. victorianus was commercially the most important species on the rivers of the 
Victoria and Kyoga Lake Basins. It can grow to a length of 41 em. Within the lakes the 
species is found in shallow inshore waters. It feeds on plant materials especially plant 
debris, epiphytic and epilithic algae. They migrate up the rivers to breed in floodwater pools 




and 50% maturity is 15 to 19 cnl for females. A fish of 24.7 cm was recorded to have 
162,000 eggs. They grow to about 9 cm by the end of their first year of life. 
There used to be a lucrative fishery of L. victorianus on the rivers associated with Lake 
Victoria. This fishery however, collapsed due to catching of gravid individuals as they 
migrated up the rivers to breed. L. Victorianus is considered one of the most endangered 
fish species in the Victoria lake basin. Conservation of this species requires prevention of 
fishing at the mouths of rivers at time when fish migrated up the rivers to breed. Some 
localised stocks have been recorded on the Victoria Nile and other rivers around Lake 
Victoria. Efforts should be made to save these stocks. 
During this survey L. victorianus was only recorded in Lake Kyoga. The size ranged from 
10-24 cm. 
Barbus spp 
Like L. victorianus, Barbus spp are predominantly riverine species. They vary in size from 
very small species like Barbus magdalene which rarely exceeds 7 cm to the larger species 
such as B. altianalis which grows to about 50 cm total length and can weigh up to 10 kg and 
B. bynni which can reach a weight of 7 kg. The species are mainly found in shallow 
inshore waters associated with river systems. They feed on molluscs, aquatic vegetation and 
fishes especially haplochromines. They breed in flooded rivers and streams. 
During this survey four Barbus spp were encountered. B. altianalis was encountered in 
lakes Kyoga, Nakuwa and River Nile. B. kerstenii occurred in lakes Nabugabo, Kayanja 
and Kayugi. B. trispidopleura occurred only in Lake Lemwa. B. paludinosus only occurred 
in Lake Nyaguo. From a few fishes examined for food B. altianalis fed on mainly insects 
(Povilla) and rarely Ostracodes. The size range/or B. altianalis was 15-70 em. 
Mormyrids 
Mormyrids were of substantial commercial importance in lakes Victoria and Kyoga. The 
biology of these fishes can be illustrated by Mormyrus kannume, which was commercially 
the most important mormyrid in Lake Victoria. M kannume are anadromous fishes and 
spawn in flooded swamp pools associated with lower riches of rivers. They feed on insect 
larvae especially chironorpids and chaoborids. Destruction of swamps would therefore 
affect reproduction in these fishes. Some of them have a single gonad and others have 
modified electrical organs. Fecundity was estimated at 1393 and 17,369 in fish of 18 and 37 
cm respectively. 
During this survey two Mormyrids were encountered M kannume only in Victoria Nile 
and M macrocephalus in lakes Kyoga, Nyaguo and Victoria Nile. M kannume fed on 
mainly insects namely Odonata, Povilla, Chironomid larvae and Ostracodes. Stones were 
also encountered in stomachs of some fish. Whether these stones are taken intentionally or 
by accident is a question for further investigation. The size range for M kannume was 
16-77 cm and M macrocephalus 30-38 cm. 
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Schilbe intermedius 
During this survey S. Intermedius was only encountered in lakes Kyoga, Nabugabo and 
Nakuwa. Few fishes examined showed that S. intermedius fed mainly on Chironomid 
larvae, Caridina, Odonata, fish eggs and detritus. The size sructure of S. intermedius was 
19-30 cm total length. 
Synodontis spp 
During this survey two Synodontis spp were encountered. S. Afrofischeri was encountered 
in lakes Kyoga, Nakuwa, Nawampasa, Lemwa, Kawi, Gigati and Nabugabo. S. victorae 
occurred in lakes Nawampasa, Nakuwa, Lemwa Nyaguo and Kyoga. From a few fishes 
examined for food S. afrofischeri fed on Chironomid pupae & larvae, Ostracodes, inseet 
eggs, fish eggs, detritus, Povilla, ephemeroptera and filamentous algae. The size range for 
s. Afrofischeri was 12-18 em. S. victoriae fed on Chironomid larvae, .Ostracodes, Odonata, 
. fish remains, Povilla, insect remains and higher plant material. The size structure for	 S. 
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Abstract 
Oreochromis esculentus (Graham, 1929) is endemic to the Victoria and Kyoga 
lake basins. It was the most important commercial fish species not until the introduction 
of gill-nets (1905 to 1916), that it declined and became very rare in the main water bodies 
of lakes Victoria .and Kyoga. However, some populations appeared to have survived in 
some minor lakes in these basins which fonn valuable reservoirs for the species and could 
be used in restocking of the main lakes. 
Data were collected on the population characteristics of O. esculentus in lakes 
Kachera, Kayanja, Mburo and Kayugi in the Victoria lake basin and lakes Lemwa and 
Kawi in the Kyoga lake basin from December 1997 to June 1999 through experimental 
fishing and examination of commercial catches. The aspects examined included species 
composition, relative abundance, the distribution and length frequency distribution of O. 
esculentus. Biological characteristics included length/weight relationship and condition 
factor, the food, size at first ma~ty, sex ratio, and fecundity of O. esculentus. The results 
were compared among lakes and with the available historical data for lakes Victoria and 
Kyoga. 
A total of 1262 O. esculentus were examined. O. esculentus were most abundant 
in Lake Mburo (33.5 %), followed by Kayanja (23.3 %), Lake Kachera (20.4 %), Lake 
Kayugi (6:7 %), Lake Kawi (3.4 %) and lowest in Lake Lemwa (1.5 %) of the total catch. 
The O. esculentus examined 'Yere (7.7- 38.7 em TL) but most of them were I~.O­
20.9 cm TL. In lakes Kawi, Kayugi, Mburo and Kachera, most fish lay in this size 
range, but were smaller in lakes Kayanja and Lemwa (11.0 - 15.9 cm TL). 
The relationship between length and weight of O. esculentus from six lakes 
satisfied the equation W = aLb with the exponent 'b' nearing three in all. 
Overall mean condition factor K was 1.79 ± 0.024. Fish from Lake Kawi had the 
highest K (2.02 ± 0.03), followed by Lake Kayug{ (1.89 ± 0.05), Kachera, (1.85 ± 0.06), 
Lake Mburo (1.83 ± 0.02), Lemwa (1.79 ± 0.02) and Lake Kayanja (1.51 ± 0.02). 
O. esculentus fed on phytoplankton. Cyanobacteria (Microcysts) were the most -. 
important overall. In lakes Kayugi and Kawi, the most important food was the diatom 
Aulacoseira (Melosira) 1. in Lake Kayanja Planktolyngbya, while in lakes Kachera, Mburo 
and Lemwa it was Micrbcysts. 
In Lake Kayugi, 50 % maturity size was 20.5 cm TL and was the highest, followed 
by that of Lake Lemwa and Kachera 17.0 cm TL, Mburo 16.8 em TL, Kawi 15.6 cm TL 
and 15.4 em TL in Lake Kayanja was the lowest. 
There were more males than females in all the lakes examined. The overall sex 
ratio of males to females was 1: 0.76. That for individual lakes was: Lake Kachera 
1:0.79, Kawi 1:0.47, Kayanja 1: 0.91, Kayugi 1: 0.96, Mburo 1: 1'.5 and 1:0.70 in 
Lemwa. 
Absolute fecundity increased with size. From 66 gonads examined, fecundity 
was lowest (157 eggs) in a fish of 14.6 cm TL and highest (1364 eggs) in a fish of28.0 
cm TL both in Lake Kayanja. Mean fecundity was highest for O. esculentus from Lake 
Kayugi (963± 148 eggs), followed by Kachera (547 ± 30 eggs), Lake Kawi (533 ± 27 
eggs), Lake Lemwa (532 ± 28 eggs), Lake Kayanja (468 ± 184 eggs) and lowest from 
Lake Mburo (421±27.17).. 
Results from this study show that there are major differences in the abundance, 
length frequency distribution, condition factor, size at first maturity and food of O. 
esculentus in the lakes examined. This information can fonn a useful basis on which 
lakes should be protected and which ones can be a source of O. esculentus should 
stocking of the main lakes, other water bodies or even culture of the species become 
necessary. For instance O. esculentus from those lakes in which the fish fed on Melosira 
(Aulacoseira) had the best condition factor showing that Aulacoseira was important as 
food of O. esculentus and is valuable to its survival. Those lakes were also among those 
with the largest O. esculentus. They could on this basis be the best sources of o. 
esculentus either for restocking or for captive propagation. 
INTRODUCTION 
1.1 Background 
Oreochromis esculentus (Graham) 1929 is endemic to lakes Victoria and Kyoga and a few 
satellite lakes in the basins of these lakes (Ogutu-Ohwayo, 1993). Before the use of the 
European flax gill-nets was introduced (between 1905 and 1916) on these lakes O. 
esculentus together with O. variabilis were the most important commercial fish species in 
these two lakes (Graham, 1929). Other commercially important fish species included 
Protopterus aethiopicus (Heckel) 1851, Bagrus docmac (Forsk) 1775, Clarias gariepinus 
(Burchell) Barbus species, Mormyrids, Synodontis species, Schilbe intermedius (Ruppell) 
1832, and Rastrineobola argentea (pellegrin) 1904, (Graham, 1929; Worthington, 1929, 
1932a; Kudhongania and Cordone, 1974). O. esculentus was introduced into lakes 
Kijanebalola and Bunyonyi and into many dams in Uganda, Kenya and Tanzania 
(Greenwood, 1966). The species was also found in lakes Manywa, Kayanja, Kayugi 
(Ogutu-Ohwayo, 1993) and Victoria Nile above the Murchison Falls, Malawa River~ (Witte 
& van Densen, 1995). 
There was virtually no impact on the stocks of O. esculentus by subsistence requirements 
up to the 1900s when gill-nets were introduced as a new fishing technique. Lake Victoria 
then contained large stocks of O. esculentus. During the period 1905 to 1916, when gill 
nets were introduced into different parts of Lake Victoria, coupled with the growth of urban 
centers and communication around the lake, fishing industry assumed a commercial role 
with O. esculentus as one of the main target species (Mann, 196?; Miles & Keenleyside, 
1991; Balirvva, 1992). From 1930s to 1950s the catch dropped further and the fish became 
smaller due to increased fishing pressure (Fryer & lies, 1972; Fryer, 1973) and increasing 
use of small mesh sized gill nets (Witte & van Dansen, 1995). This made O. esculentus one 
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of the most threatened fish species and deprived the people who depended on it for food and 
employment. 
1.1.2 Impact of introduction of other Tilapiines on O. esculentus 
Introduction of non-native Tilapiines might also have contributed to the depletion of O. 
esculentus in lakes Victoria and Kyoga through competition for food and space or through 
hybridization (Fryer, 1961; Welcomme 1968, 1988; Lo~e Me-Connell, 1987; Ogutu­
Ohwayo, 1990a). After 1954, Tilapia zilli, O. niloticus and O. leucostictus were introduced 
in lakes Victoria and Kyoga (Lowe-McConnell, 1956b). These species have similar 
ecological requirements to the native Tilapiines and are likely to compete with them 
(Ogutu-Ohwayo, 1990). The native tilapiines, O. esculentus and O. variabilis were 
spatially segregated with the smaller O. variabilis, occurring closer inshore than O. 
esculentus. When O. leucostictus and T. zillii became established they occupied the same 
habitat as O. variabilis. O. niloticus possibly competed for the more open waters with O. 
esculentus. In many areas, O. niloticus became dominant, apparently excluding O. 
esculentus (Welcomme, 1966). They may have competed for food and nursery grounds not 
only with the native Tilapiines but also with other cichlids. In addition, O. niloticus grows 
to a larger size, has a faster growth rate, a longer life span, a wider food spectrum and is less 
habitat restricted than any of the other Tilapiine species (Fryer & lIes, 1972). These 
characteristics may have been advantageous to the invading species (Ogutu-Ohwayo, 
1990a). Generally, O. niloticus seems to have competitive advantage over the other 
Tilapiines and displaced native Tilapiine species from waters where it was introduced. 
1.1.3 Impact of introduction of Nile perch on O. esculentus populations 
Predation by Nile perch, Lates niloticus may also have contributed to depletion of O. 
esculentus stocks. This large predator was introduced into the main water bodies of Lake 
Kyoga in 1955 and 1956 and into Lake Victoria in 1960 (Ogutu-Ohwayo, 1993). Stocks of 
the Nile perch increased rapidly since 1965 in Lake Kyoga, and 1977 in Lake Victoria 
(Ogutu-Ohwayo,. 1990a). These increases were concurrent with a reduction and in some 
cases total disappearance of the native species. 
1.1.4 Environmental changes due to an increased nutrient introduction and their 
possible impacts on O. I!sculentus populations 
Stocks of o. esculentus may also have been affected by environmental changes in lakes 
Victoria and Kyoga over the past decades. Eutrophication would almost definately result 
in changes in phytoplankton species composition. There was an increase in nutrient inputs 
especially phosphorus and nitrogen into lakes Victoria and Kyoga mainly from the 
atmosphere and from changes in land use in the catchment are~ (Bootsma and Hecky, 
1993). A comparison of recent phytoplankton records and those of the early 1900's (West, 
1907; Wolosnyska, 1914), the 1950's (Fish, 1952) and the 1960's (Evans, 1962a, 1962b 
and TaIling, 1966, 1967) indicated the disappearance and possible local extirpation of 
several once common algal species... Silicon concentration, which is vital for diatom growth 
3 
Lowe-McConnell, (1956a) reported that sex ratio was 1: 1 but in most cases males were 
more than females. For instance there were M:F=l :0.72 in Pilkington Bay and M:F=l :0.64 
in Hannington Bay and yet in Ekunu Bay, there were M:F=1 :1.01. 
o. esculentus is a female mouth- brooder, without well-marked spawning seasons. Highest 
breeding activity occurred between September and May (Greenwood, 1966), although 
breeding fishes were found throughout the year (Trewavas, 1983). Females could have a 
succession of 3 or more broods in a spawning period and fewer eggs were produced in the 
last brood of a series than-the first. The average interval between broods in O. esculentus in 
aquaria was 2 months, 28 broods being recorded from 10 pairs in 23 months. The number 
of eggs produced increased with the size of the female, ranging from 324 eggs in a fish of 
17 em TL to 1672 eggs in one of36 cm TL (Graham, 1929). 
1.3.0 OBJECTIVES 
1.3.1 Overall objective 
The main objective of this study was to contribute to the current lack of knowledge on the
 
biology and ecology of the surviying O. esculentus in the satellite lakes of the Victoria and
 
Kyoga lake basins by examining population characteristics ofthe species.
 
This was achieved by examining the following aspects;
 
a. Species composition and contribution of O. esculentus. 
b. The distribution of O. esculentus 
c. Length frequency distribution of O. esculentus, 
d. The length/weight relationship, 
e. Condition factor of O. esculentus, 
t: Food of O. esculentus, 
g. The size at first maturity of O. escu[entus, 
h. Sex ratio of O. esculentus, and 
i. Fecundity of O. esculentus. 
The results were compared between lakes for which there was adequate data and with the 
historical data for the main lakes Kyoga and Victoria. 
1.4.0 HYPOTHESES 
There were two testable hypotheses: 
•	 That there were no significant differences in the population characteristics of O. 
esculentus between the sampled lakes. 
•	 That the results of the present study were not significantly different from what was 
previously reported in lakes Victoria and Kyoga before the species was depleted. 
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2. MATERIALS AND METHODS 
2.1 STUDY AREA 
The study was carried out on lakes Kachera, Mburo, Kayanja and Kayugi in the Victoria 
lake basin and lakes Lemwa and Kawi in the Kyoga lake basin (Figs. 2, 3, & 4). 
2.2 Data collection 
Sampling was done using three fleets of identical multifilament nylon gill-nets. Each 
fleet was made up of 10 gill-nets of graded mesh sizes in approximately 12.5 increments 
from 51 mm to 178 mm stretched mesh. One net was set at the shore next to the 
macrophytes which was regarded "Inshore", another at about 50 III from the shore 
regarded "Middle", and the third one at about 100 m from the shore regarded "Offshore" 
but sometimes because of the relative scarsity of O. esculentus nets were set in any order 
to increase catches and sometimes additional samples were obtained from the commercial 
catches for biometric analysis. 
All the data were recorded e.g various taxa in terms of numbers, total weight, date and 
time (day/night) of capture, area from where the fish was caught and size of gear used. 
Fish were measured, weighed and records taken. The specimen were dissected and the 
stomach fullnes, sex and maturity stage of the fish determined. 
Female gonads at maturity stage V and VI and Stomachs which had any food were 
removed and preserved in 5 % fonnalin solution in separate numbered bottles. 
2.2.2.1 Food 
In the laboratory the stomachs contents were emptied into a petri-dish and examined 
under a binocular or a compound microscope. The food categories were first of all rated 
in proportion to their relative percentage volumes as spread out in a petri-dish or on slide. 
Each stomach was allotted a number of points according to the scheme showed below 
modified from that ofHynes (1950). 
Fullness State No. of points 




(3/4) food up to about 3/4 of stomach volume 
(1/2) food up to about 1/2 of stomach volume 
8 
4 .. 
Quarter (1/4) food up to about 1/4 of stomach volume 2 
Empty (0) stomach empty and collapsed o 
The importance of each of the food items was obtained from these points by calculating 
the percentage relative importance of the food in the stomachs. 
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2.2.2.2. Fecundity 
All the eggs in the two gonads of an individual fish were counted (total counts) and the 
numbers recorded. The number of ripe eggs obtained from the gonads was taken as the 
'absolute fecundity' F. 
2.3 DATAANALYSIS 
For easier analysis, data were sometimes grouped into five class intervals and results 
were sometimes presented as percentages or means for easier comparisons. Where 
possible tests were carried out, (at 95 % confidence interval unless otherwise stated). 
Only data obtained from the experimental gill-nets were used in investigating species 
composition, relative abundance and distribution of O. esculentus. ~ The additional 
samples obtained from the commercial fishery were only used in the investigation of 
other biological aspects e.g length frequency distribution, length-weight relationships and 
condition factor, food and feeding, sex ratio, size at first maturity and fecundity of O. 
esculentus. The results were compared between lakes and with the available historical 
data. 
3. RESULTS 
In total, 1262 O. esculentus were examined. Three hundred seventy eight (378) from 
Lake Kachera, one hundred seventy six (176) from Lake Kawi, two hundred ninety (290) 
from Lake Kayanja, one hundred forty three (143) from Lake Kayugi and one -hundred 
eighty eight (188) from Lake Lemwa and eighty seven (87) from Lake Mburo. 
3.1.1 Species composition and contribution of O. esculentus 
In determining species composition for each lake, all data for the three stations in each
 
lake were pooled (Appendix I).
 
The percentage contribution by numbers of individual species is presented in Table 1.
 
The Tilapiine and haplochromine cichlids were numerically the most dominant. The
 
tilapiines comprised of O. leucostictus, O. niloticus, T. zilli and O. esculentus.
 
The non cichlids included Gnathonemus victorie, Protopterus aethiopicus, Synodontis
 
spp., Barbus spp., Brycinus spp. and Clarias species.
 
Percentage contribution! of O. esculentus by numbers to the total catch was highest in
 
Lake Mburo (33.5 %), followed by Kayanja (23.3 %), followed by Lake Kachera (20.4
 
%), Lake Kayugi (6.7 %), Lake Kawi (3.4 %) and Lake Lemwa (1.5 %).
 






Table 1. Percentage contribution by numbers of the different fish taxa to the total 
experimental catches in the sampled lakes in Dec. 1997-June 1999 
Sampled Lake 
species Kachera Kawi Kayanja Kayugi Lemwa Mburo Total 
Barbus spp 0.0 1.1 10.0 5.6 6.1 0.0 3.16 
Brycinus spp 0.0 0.0 0.0 9.0 0.0 0.0 1.01 
Clarias spp 10.8 3.4 4.7 1.1 7.6 "2.5 5.82 
G. victorie 0.0 0.0 6.0 11.2 0.0 ~ 0.0 2.40 
O. esculentus 20.4 3.4 23.3 6.7 1.5 33.5 18.58 
O. leucostictus 14.6 3.4 1.3 1.1 10.6 6.3 7.33 
O. niloticus 7.1 1.1 0.0 0.0 1.5 9.5 4.30 
Protopterus spp 6.7 1.1 4.0 3.4 1.5 1.9 3.79 
Synodontis spp 0.0 2.3 0.0 0.0 4.5 0.0 0.63 
Haplochromines 40.0 84.1 43.3 57.3 66.7 46.2 50.95 
3.1.2 Distribution of O. esculentus within the lakes 
Fish distribution was determined from the mean numbers of fish at the inshore middle 
and offshore stations only in those lakes where the number of fish caught in e~pe!imentaI 
gill-nets were big enough. 
Most fish were from the offshore waters 4.79±O.69, followed by that from the middle 
waters 3.48±0.59 and 2~66±0.33 from the inshore waters Vias the smallest. 
Most fish were from Lake Kayanja (S.91±1.0S), Kachera (3.8S±O.57) least in Lake 
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Fig. 5 Distribution of o. es~entus in lakes Kachera, Mburo and 
Kayanja according to the different locations (inshore, middle and 
offshore) using mean numbers and SE. The means, max~ums and 
minimums are included 
3.1.3 Length frequency distribution of O. esculentus 
The size range of O. esculentus examined in all the lakes was (7.7-38.7 em TL). The 
biggest fish were encountered in Lake' Kayugi up to 38.7 em TL. The number of fish 
examined in the different size groups was shown in Table 3 and (Fig. 6). Most fish were 
in the size class of 16.0 to '20.9 em TL (46 %), followed by 11.0 - 15.9 em TL (25.1 %) 
and then 21.0-25.9 em TL (18.1 %). Most fish from lakes Kachera, Kawi, Mburo and 
Kayugi were in the 16.0 to 20.9 em TL size class while those from lakes Kayanja and 
Lemwa were in the 11.0 - 15.9 em TL size class. 
10 
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Fig. 6 Length frequency Distribution of O. esculentus from lakes Kachera, Kawi, 
Kayanja,Mboro, Kayugi and Lemwa (1997-99) as compared with Lake Victoria (1929). The 





3.1.4 Length - weight relationships 
Graphical illustrations of the length-weight relationships of O. esculentus using power 
curves (Fig. 7.1) in the different sampled lakes satisfied the equation, W=aLb (W - weight 
of individual fish, a - the intercept and b - the slope on the graph and L - the total length 
TL of the fish). 
Generally, the weight was proportional to the cube of the length. However, the 
exponents of the length-weight relationship varied slightly between the sampled lakes 
with the functional regression value b nearing three in all the sampled lakes which 
describes isometric growth of O. esculentus. In addition, the almost similar slopes 
showed that there were no significant differences in the length-weight relationships 
among these sampled lakes. The high~r the exponent, the heavier was the fish and 
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3.1.5 Condition factor 
On the overall the average condition factor K was 1.79±0.02 pooled data for all the 
sampled lakes. K was highest for O. esculentus from Lake Kawi (2.02 ± 0.03), followed 
by Lake Kayugi (1.89 ± 0.05) and Kachera, (1.85 ± 0.06), Mbriro (1.83±0.04), Lake 
Lemwa (1.79 ± 0.04) and the smallest was (1.51 ± 0.03) from Lake Kayanja. 
Generally there was an increase in K with size of the fish (Fig. 8). 
The tests using ANOVA (single factor), showed no significant differences in the 
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Fig. 8.1 Mean condition K of O. esculentus from lakes Kachera, Kawi, Kayanja, Kayugi and Lemwa. 
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3.1.6 Food and feeding of O. esculentus 
Ol
Food of O. esculentus 
In total, 438 stomachs of O. esculentus were examined. 126 stomachs in Lake Kachera,
 
87 stomachs in Lake Kawi, 71 stomachs in Lake Kayanja., 16 stomachs in Lake Kayugi,
 
116 stomachs in Lake Lemwa and 22 in Lake Mburo.
 
The food items encountered in stomachs of O. esculentus are given in table 6.1.
 
The most important food items overall were Microcysts (26.6 %), followed by
 
Aulacoseira (Melosira 19.4 %) and Anabaena (15.7 %). Other items consumed in the
 
different lakes included; insect remains, Higher plant material, Aphanocapsa,
 
Pianktolyngbya, Spirulina, Osci/latoria, Ankstrodesmus, Navicula, fish eggs, Rotifer, .
 
Scenedesmus, filamentous algae anc;l Merismopedia ( Table 6.1).
 
Microcysts were the most dominant food item in Lake Kachera (26.2~%) and 42 % in
 
Lake Lemwa, while it was chironomids (32 %) in Lake Mburo, Planktolyngbya 41.2 % in
 
Lake Kayanja, Aulacoseira 49 % in Lake Kawi, Microcysts, and 'Iri Lake Kayugi
 
Aulacoseira fonned 93.1 % of the diet.
 
The food items were then grouped in their various classes as Green algae 
(Chlorophyceae), Blue-green algae (Cyanobacteria), Diatoms (Bacillariophyceae), Insect 
remains, Fish eggs, Rotifer and High plant material. (Table 6.2). 
Most of the food items belonged to the genera Chlorophyceae (6 species), while the rest 
(Cyanobacteria & Bacillariophyceae) contained two each (Table 6.2). 
Table 602. Common phytoplankton genera of some of the food items encountered in 
stomach samples of O. esculentus from lakes Kachera,. Kawi, Kayanja, Kayugi, 
Mburo and Lemwa (Dece 1997-June 1999) 
Cyanobacteria Bacillariophyceae Chlorophyceae 
.(Blue-green algae) (Diatoms) (Green algae) 
Anabaena Aulacoseira Seenedesmus 





According to these groups the blue green algae were the most important overall (all lakes 
pooled together) 66.83 % followed by diatoms 20.6 %. The blue green algae were the 
most important in lakes Kachera (62.42 %), Kayanja (80.10 %), Mburo 60 %, and 
Lemwa (95.69 %), and diatoms were the most dominant in lakes Kayugi and Kawi (93.06 
% and 51.0 % respectively). Diatoms were second in importance while the rest of the 
food groups were less than 5 % (pooled data). 
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from the sampled lakes 
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Food of the haplochromine species surviving in the nearshore areas of Lake Victoria with 
specific reference to Napoleon Gulf. 
Introduction 
The establishment of the introduced species in lakes Victoria, and Kyoga was accompanied by a 
decline of most, and perhaps total disappearance of some, of the native fish species (Ogutu­
Ohwayo, 1994). Though the initial decline was due to overfishing (Jackson, 1971), predation 
by Nile perch and competition with introduced tilapias contributed to the depletion of the native 
fish stocks. Haplochromines were originally the most abundant fishes in both lakes and formed 
at least 80% by weight of the demersal stocks of Lake Victoria (Kudhongania and 
Cordone,1974; Okaronon et al,1985). Lake Victoria had more than 300 haplochromine species, 
more than 99% of them endemic (van Oijen et ai, 1984; Witte et al 1992). Each species had its 
own unique combination of food and habitat preference (van Oijen, 1982; Goldschmidt et al 
1990). Up to eleven trophic groups were identified in the Mwanza Gulf. These included 
phytoplanktivores, detritivores, algal grazers, plant eaters, molluscivores, zooplanktivores, 
insectivores, piscivores, parasite eaters, paedophages and scale eaters. Greenwood (1974) had 
earlier identified up to five trophic gr9ups of haplochromines in the Napoleon Gulf. These 
included insectivores, piscivores, molluscivores, plant material eaters and scale eaters. 
Haplochromines disappeared rapidly following establishment of Nile perch, in Lake Victoria. 
There were differences in the rate of decline, within as well as between, trophic groups (Witte et 
aI1992). Molluscivores, insectivores and epiphytic algal grazers survived in the shallow littoral 
zone. (Witte et al 1992). 
The reduction in stocks of the diverse and trophically complex haplochromine community was 
concurrent with changes in the physical, chemical and biological processes in Lake Victoria. 
Algal biomass increased four to five times, phytoplankton production doubled and water 
transparency decreased (Mugidde, 1992; 1993). Algal composition changed and became 
dominated by blue-greens. The blue-green. algae were the major food source of the 
detritivorous\phytoplanktivorous haplochromines and the pelagic phytoplanktivores. Together 
these two trophic groups constituted about 50% of the total haplochromine biomass in the lake 
(Goldschmidt, 1986; Witte and van Oijen 1990). Their depletion must have contributed to a 
reduction in grazing pressure which left much of the primary production in the lake 
'unconsumed. Decay of this organic matter has depleted the water column of oxygen leading to 
anoxia in waters of more than 40 m depth during periods of stratification. 
In this paper, the food and feeding habits of the surviving haplochromine cichlids was examined 
to assess whether the diet of the different trophic groups had changed and what role the 
haplochromine species still surviving in the lake are playing in the overall trophic ecology of the 
lake. 
Objectives 
The major objective of the study was to quantify "food of surviving haplochromines in the 
littoral areas of Napoleon Gulf of Lake Victoria, and the role of these haplochromines in the 
trophic ecology of the lake. This was achieved by examining the food of the major surviving 
haplochromine species 
Material and Methods 
Fish specimens were collected from various stations in the Napoleon Gulf using three fleets of 
gill nets. Each fleet consisted of one net of mesh sizes 25.4 mm to 76.2 nun stretched at an 
interval of 12.7mm. The nets were set at 18.00 hours in the evening and retrieved at 7.00 
hours the following morning. 
Haplochromines were fixed in 5% formalin and labeled with time, date, mesh size, size of net 
and site, and taken to the laboratory for further analysis. Whenever possible, photographs of 
fresh haplochromine specimens were taken in the field to be used in later identification. 
In ~he laboratory, the haplochromines were identified to genus level and where possible, to 
species level using the key provided by Greenwood (1981a). Biometric data on individual 
specimens was then recorded. In each case, the total length, standard length and weight of 
individual specimen were measured. Each fish was cut open and the sex and ~gonad maturity 
state detennined according to Bagenal & Braum (1978). The stomach of each fish was, 
dissected out and its degree of fullness determined, whether empty (O),~, ~, % or full (1). 
The stomach was slit open on to a microscope slide under a low-power binocular microscope, 
flooded with water and examined. A high-powered compound microscope was also used when 
necessary. Each food item was identified as far as possible. By using fine mounted needles, 
different prey items identified were sorted out and assigned percentage contribution by eye 
estimate. The percentages were then converted into points; 0, 1, 2, 4, 8, and 16 depending upon 
the relative importance of the food item in the stomach, using a point method based on Hynes 
(1950). The trophic group of a species was determined by the most dominant food item in its 
diet. 
Results 
The relative importance of the haplochromines encountered were in order of importance by 
number A. alluaudi, A. "unicuspid", P. ''paraguiarti'', P. ''yellowbQdy'', P. "goldchest", H 
guiarti, A. nubila, A. "bicuspid", N. "scraperteeth", N, nigricans, P. crassilabris, P. 
,"velvetblack", P. ''yellowbar'', N. pseudonigricans, P. "rockcribensis", Astatotilapia sp., P. 
"shortsnout", P. "blue deepbody", P. xenognathus, P. "sharpteeth", P. "bigeye", P. chilotes, and 
P. "curved head" (Figure 1). Of the 24 species, there were adequate samples to examine food 
for only 17 species. These included, A. alluaudi, A. "unicuspid", P. paraguiarti, P. 
''yellowbody'', P. "goldchest", H guiarti, A. nubila, A. "bicuspid", lY. "scraperteeth';" N 
nigricans, P. crassilabris, P. "velvetblack", P. ''yellowbars'', N. psuedonigricans, P. 
.rockcribensis", P. xenognathus~ and P. chiloles. 
Seventeen haplochromine species were examined for food analysis as detailed below and in 
Table 1 and Figure 1: The names that appear in quotes are cheironyms. Table 2 shows the 
relative proportions of eight food catagories as percentages of the total points scored by all the 
food catagories in each species. This analysis included haplochromines of 6 em to 19 cm., The 
food of small fishes less than 5 cm standard length were not included in this because it was very 
difficult to identify fishes of this size. No historic data is available on the food of many of the 
haplochromines examined in this study except for A. alluaudi, P. paraguiarti, H guiarti, A. 
nubila, N nigricans, P. xenognathus, and P. chilotes. 
Eight food catagories were recorded from the haplochromine stomachs in the present study 
(Figure 2). These included in order of importance, insects (69.2%), molluscs (8.9%), plant 
material (6.9%), C. nilotica (6%), fish (5.20/0), leaches (2.20/~), detritus (1.4%) and zooplankton 
-------------~ .
Table 1. Percentage composition of the food of some of the common surviving 11aplochromines in Napoleon Gulf 
Species DTR FG RPM OST CRL CRP ClIL CHP EPM TRI ODON BI GAS CA FR LE 
Astatotilapia "bicuspid" 0 0 7.3 0 12.3 1.2 0 0 15.3 0 17.7 0 0 27. 18.5 0 
Astatotilapia "unicuspid" 0.8 1.7 0.4 0.9 11.6 4.6 32.1 0.5 14.6 0 7.6 0 0 5.5 0 12.2 
Astatoti/apia nubila 0.9 0.9 0.6 0 3.9 4.1 1.4 0 15.2 0 64.4 0 0 0 0 2.8 
Neochromis "scraperteeth" 0 5.7 '.: 6.6 0.1 10.1 2.5 1.1 0 15.4 0 46.3 4.2 0 4.2 0 0 
Neochromis nigricans 0.8 9.3 3.2 2.7 31.4 12.3 0 0 6.5 0 16.9 0 0 2.2 0 10.9 
Neochromis pseudonigricans 2.6 1 14.9 6.1 35.6 2.6 0 0 7.7 1.3 7.7 0 0 0 20.5 0 
Paralabidochrolnis 0 0 1 0 28 0 0 10 1 0 0 0 0 60 0 0 
Paralabidochromis 0 0 0 0.9 55.1 1.5 0 0 38.0 0 4.4 0 0 ,0 0 0 
Paralabidochromis chilotes 1.9 0 0 0 58.1 1.9 0 0 22.4 1.4 9.5 0 0 0 4.8 0 
Paralabidochronlis 9.3 0 0.5 0 5.2 1.2 0 0 0.2 39.4 0 0 2.3 30. 11.6 0 
Paralabidochromis 1.8 9.9 17.8 0.2 3.2 5.3 0 0 5.2 0 50.1 0 0.6 0.8 4.9 0 
Paralabidochrolnis ''yellow 0.7 0 1.5 0.9 39.5 2 0 0 18.2 6.1 21.6 0 0 1 0 8.3 
Paralabidochronlis ''yellow 0 0 0 0 6.1 0 0 0 9.2 0 3.1 0 0 80. 0 0 
Astatoreochromis alluaudi 1.5 0.9 3.4 0.2 0.8 0.2 0 0 0.2 0 9.1 0.1 82.0 1.7 0 0 
Ptyochromis xenognathus 0 0 0 0 0 0 5 0 5 0 0 0 90.0 0 0 0 
Harpagochromis gulart; 0 0.2 0.6 0.2 5.2 0.3 0 0 1.5 0 69.3 0.2 0 0 20.2 0 
Prognathochronlis paraguiat; 0 0.5 1.2 0.6 49.2 15.7 0 0 6.9 o ~ 15.6 1.8 0 3.1 3.3 0 
DETR - Detritus FGA - Filamentous green algae. HPM - Higll plallt material CAR - Caridina BN -Bivalves 
OST - Ostracods CRL - Chirollomid larvae CRP - Cllironomid pupae FR - Fish remains GAST -Gastropods 
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Table 2. Percentage contribution of the food catagories to the diet ofsonle COlnmon haplochromines from Napoleon Gulf 
Species DTR PHYT ZOOPL CAR INS MOLL FISH LEACH 
Astatotilapia "bicuspid" 0 7.3 0 27.7 46.5 0 18.5 0 
Astatotilapia "unicuspid" 0.8 2.1 0.9 12.7 71 0 0 12.2 
Astatoti/apia nubila 0.9 1.5 0 5.6 89.0 0 0 2.8 
Neochromis "scraperteeth" 0 12.3 0.1 4.2 79.2 4.2 0 0 
Neochromis nigricans .. ~ 0.8 12.5 2.7 2.2 70.8 0 0 10.9 
Neochromis pseudonigricans 2.6 15.9 6.1 0 54.9 0 20.5 0 
Paralabidochromis "rockcribensis" 0 1 0 60.0 39.0 0 0 0 
Paralabidochronlis crassilabris 0 0 0.9 0 99.1 0 0 0 
ParalabidochronJis chi/oles 1.9 0 0 0 93.3 0 4.8 0 
Paralabidochromis "velvetblaclC' 9.3 0.5 0 30.2 46.0 2.3 11.6 0 
ParalabidochroTnis ''goldchest'' 1.8 27.7 0.2 0.8 63.8 0.6 4.9 0 
Paralabidochromis ''yellow-body'' 0.7 1.5 0.9 1 87.4 0 0 8.3 
Paralabi(Jochromis ''yellow-bars'' 0 0 0 80.8 18.4 0 0 0 
Astatoreochromis alluaudi 1.5 4.3 0.2 1.7 10.3 82.1 0 0 
Ptyochromis xenognathus 0 0 0 0 10 90 0 0 
Harpagochromis guiarti 0 0.8 0.2 1.7 76.7 0.2 20.2 0 
Prognathochromis paraguiarti 0 2.2 0.5 3.1 89.0 0 3.3 0 
DTR -Detritus ZOOP -Zooplankton INS -Insects FISH -Fish remains 
PHYT -Phytoplankton CAR -Caridina nilotica MOLL -Molluscs LEACH-Leaclles 
\~) (> () (" () (? ,,, ,,? / " f( 0 401 
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Fig. 2. Relative abundance of the various food items ingested by the 
haplochromines in the Napoleon Gulf 
(0.4%). Insects especially larval and pupal chironomids, Ephemeroptera and Odonata were the 
most important food catagory. Besides species feeding principally on insects, many others 
included some insect material in their diet. Two species, A. alluaudi and P. xenognathus had 
mollusc remains as the dominant food item. A. alluaudi had both the crushed shells and the 
mollusc flesh together in the stomach while P. xenognathus had only the .mollusc flesh in its 
guts. A. alluaudi crushes the prey in the pharyngeal mill while the later wrenches the snail from 
its shell. Two species, P. "rockcribensis" and P. ''yellowbar'' fed predominantly on the prawn 
C. nilotica. 
Ostracods, C. nilotica, phytoplankton and to a lesser extent, detritus contributed to the diet of 
several haplochromines which belonged to the insectivore and molluscivore trophic groups. 
Fish remains occured in seven species which otherwise had insect remains as the most dominant 
food item in their guts. Four species included leach~s in their predominantly insectivorous diet. 
The food of individual haplochromines is discussed i~ the sections that follow. ~ 
Astatoreochromis alluaudi 
One hundred forty three specimen of A. alluaudi of 68-147 mm SL were examined and sixty 
one· of them contained ingested material. The food items found included gastrospods (82%), 
Odonata nymphs (9.1%), high plant material (3.4%), C. nilotica (1.7%), detritus (1.5%), 
filamentous green algae (0.9%), chironomid larvae (0.8%), chironomid pupae (0.2%), 
ephemeropteran nymphs (0.2%), ostracods (0.2%) and molluscs (0.1 %). One specimen 
(105mm SL) contained high plant material, detritus and filamentous green algae. Fifteen 
specimen contained only gastropod molluscs while the rest had a mixture of gastropod 
molluscs, ostracods and insect remains but in all cases gastropod molluscs dominated in 
quantity. 
Astatotilapia "unicuspid" 
One hundred seventy eight specimen of A, "unicuspids" examined of 53-102 mm SL, were 
examined. Of these forty-six had food in their stomachs. The food items included, in order of 
abundance, chaoborid larvae (32.1%), ephemeropteran nymphs (14.6%), C. nilotica (12.7%), 
leaches (12.2%), chironomid larvae (11.6%), Odonata nymph (7.6%), chironomid pupae 
(4.6%), filamentous green algae (1.7%), ostracods (0.9%), detritus (0.8%), chaoborid pupae 
(0.5%) and high plant material (0.4%). One stomach contained two leaches. Three specimen 
contained C. nilotica, chironomid larvae and Odonata nymph, one contained only chironomid 
.larvae and another three had o~ly ephemeropteran nymphs. The remaining specimen contained 
a mixture of chironomid larvae· and ephemeropteran nymph. 
Prognathochromis paraguiarti 
Three hundred fifteen specimen of P. paraguiarti of 64-139 mm SL were examined out of 
which seventy one contained ingested material. The materials found in the stomachs included, 
in order of importance chironomid larvae (49.2%), chironomid pupae (15.7%), Odonata nymphs 
(15.6%), ephemeropteran nymphs (6.9%), fish embryo remains (3.3%), C. nilotica (3.1%), 
bivalves (1.8%), trichopteran nymphs (1.5%), high plant material (1.1 %), filamentous green 
algae (1.1 %), ostracods (0.50/0) and chaoborid pupae (0.1 %). Four stomachs contained fish 
embryo, two contained a mixture of bivalves and chironomid larve, three contained high plant 
material in addition to various larval insect remains. One stomach contained filamentous green 
algae and two contained C. nilotica. The rest contained a f11.ixture of larval insect remains and 
ostracods. 
Paralabidoehromis "yellowbody" 
Two hundred forty five specimen of P. ''yellowbody'' of 60-124 mm SL from Rwamafuta were 
examined out of which eighteen contained ingested material. The food' items found in the 
stomach included, in order of abundance, chironomid larvae (39.5%), Odonata nymphs 
(21.6%), ephemeropteran nymphs (18.2%), leaches (8.3%), trichopteran nymphs (6.1%), 
chironomid pupae (2%), high plant material (1.5%), C. nilotica (1%), ostracods (0.9%), and 
detritus (0.7%). Seven specimen contained only chironomid larvae, one contained C. nilotica, 
one contained detritus and the rest contained a mixture of chironomid larvae, high plant material 
and ostracods. This species was only recorded from Rwamafuta. 
Paralabidoehromis "goldehest" 
Two hundred thirty three specimen of P. ''goldchest'' of 62-128 mm SL examined were 
examined eighty four had ingested material in the stomachs. The items ingested included 
Odonata nymphs (50.1 %), high plant material (1 7.8%), filamentous green algae (9.9%), 
chironomid pupae (5.3%), ephemeropteran nymphs (5.2%), fish (embryo) remains (4.9%), 
chironomid larvae (3.20/0), detritus (1.8%), C. nilotica (0.8%), gastropods (0.6%) and ostracods 
(0.2%). The three stomachs containing fish remains were of breeding females and could have 
been their own young. Seventeen stomachs contained only Odonata nymphs, one contained 
only C. nilotica, one contained a mixture of Odonata nymphs and chironomid larvae, two 
contained a mixture of filamentous green algae, high plant material and Ephemeroptera nymphs 
occurred in one of them. 
Harpagochromis guiarti 
One hundred seventy six specimen of H guiarti of SL 70-152 mm were examined, sixty-six had 
food in the stomachs. The material found in the stomachs included Odonata nymphs (69.3%), 
fish remains (20.2%), chironomid larvae (5.2%), C. nilotica (1.7%), Ephemeroptera nymphs 
(1.5%), high plant material (0.6%), trichopteran nymphs (0.4%), chironomid pupae (0.3%), 
bivalves (0.2%), ostracods (0.2%) and filamentous green algae (0.2%). Six specimens 
contained fish remains and some larval insect remains. Twenty-one specimens contained only 
Odonata nymphs while the rest contained a mixture of Odonata nymphs, chironomid larvae, 
high plant material, bivalves and a few ostracods. 
Astatotilapia nubila 
One hundred sixty specimen of A. nubila of 65-129 mm SL were examined out of which sixty 
one contained ingested material. The food items found included, in order of abundance, 
Odonata nymphs (64.4%), ephemeropteran nymphs (15.2%), C. niloticus (5.6%), chironomid 
pupae (4.1%), chironomid larvae (3.9%), leach (2.8%), chaoborid larvae (1.4%), filamentous 
green algae (0.9%), detritus (0.9%) and high plant material (0.6%). One stomach contained a 
leach. 
Astatotilapia "l?icuspid" 
Eighty seven specimen of A. "bicuspid" of 61-99mm SL were examined out of which 18 
contained food in 'the stomach. The food items encountered included C. nilotica (27.7%), fish 
remains (18.5%), Odonata nymphs (17.7%), ephemeropteran nymphs (15.3%),chironomid 
larvae (12.3%), high plant material (aquatic weeds) (7.3%) and chironomid pupae (1.2%). 
Neochromis "scraperteeth" 
Seventy six specimen of N. "scraperteeth" of 60-127mm SL were examined and twenty one of 
them contained food. Two contained a mixture of filamentous green algae and high plant 
material, while one contained a mixture of insect (Odonata) remains and filamentous algae. In 
general,- in order of their abundance, the food material encountered in the stomachs included 
Odonata nymphs (46.3%), ephemeropteran nymphs (15.4%), chironomid larvae (10.1%), high 
plant material (6.6%), filamentous green algae (5.7%), trichopteran nymphs (3.8%), C. niloticus 
(4.2%), bivalve (4.2%), chironomid pupae (2.5%), chaoborid larvae (1.1 %), and ostracods 
(0.1 %). 
Neochromis nigricans 
Seventy nine specimen ofN nigricans examined of 61-133 mm SL were examined and twenty 
five contained ingested material in their stomachs. The dominant food items were chironomid 
larvae (31.4%), Odonata nymphs (16.9%), chironomid pupae (12.3%), leach (10.9%), 
filamentous green algae (9.3%), ephemeropteran nymphs (6.5%), trichopteran nymphs (3.7%), 
high plant material (3.2%), ostracods (2.7%), C. nilotica (2.2%) and detritus (0.8%). Most 
stomachs contained a combination of high plant material, chironomid larvae and chironomid 
pupae. One specimen contained ostracods in addition to high plant material. Ephemeropteran 
nymphs occurred in only one specimen. 
Paralabidochromis crassilabris 
Thirty eighty specimen of P. crassilabris of 63-138 mm SL were examined.and ten of them 
contained food. The food items included chironomid larvae (55.1 %), ephemeropteran nymphs 
(38%), Odonata nymphs (4.4%), chironomid pupae (1.5%) and ostracods (0.9%). Five 
stomachs contained only chironomid larvae and ephemeropteran nymphs. -Two had odonata 
nymphs, one had chironomid pupae and one contained ostracods in addition to chironomid 
larvae and ephemeropteram nymphs. 
Paralabidochromis "velvetblack" 
.Thirty-eight specimen ofP. "velvetblack" of70-123mm SL were examined out of which 21 had 
food. The food items encountered included Odonata nymphs (39.4%), C. nilotica (30.2%), fish 
remains (11.6%), detritus (9.3%), chironomid larvae (5.2%), gastropods (2.3%), chironomid 
pupae (1.2%), high plant material (0.5%) and ephemeropteran nyrriph (0.2%). 
Paralabidochromis "yellowbars" 
Fourteen specimen of P. ''yellowbar'' with SL 64-126 mm site were examined out of which 
eight contained food material. The food items included C. nilotica (80.8%), Ephemeroptera 
nymph (9.2%), chironomid larvae (6.1 %) and Odonata nymphs (3.1 %). Four stomachs 
contained only C. nilotica, one contained C;. nilotica and chirol1-omid larvae while one contained 
a mixture of Ephemeropteran nymphs, Odonata nymphs and chironomid larvae. 
Neochromis pseudonigricans 
Thirty-three specimens of N pseudonigricans of 62-99 mm SL were examined out of which 
fourteen contained food. The dominant food items were chironomid larvae (35.6%), fish 
remains (20.5%), high plant material (14.9%), Odonata nymphs (7.7%), ephemeropteran 
nymphs (7.7%), ostracods (6.1%), detritus {2.6%), chironomid pupae (2.6%), trichopteran 
nymphs (1.3%) and filamentous green algae (1 %). Three stomachs contained ostracods, one 
contained ephemeropteran nymphs and one contained filamentous green algae, in addition to 
high plant material and chironomid larvae. Two stomachs contained odonata nymphs in 
addition to chironomid larvae. One stomach contained chironomid pupae only. 
Paralahidochromis "rockcribensis" 
Fifteen stomachs of P. "rockcribensis" of 67-112 mm SL were examin~d and six of them 
contained food. The food items inclu.ded C. nilotica (60%), chironomid" larvae (28%), 
chaoborid pupae (10%), ephemeropteran nymphs (1%) and high plant material (1%). Four 
stomachs had C. nilotica only, two contained ephemeropteran nymphs in addition to C. nilotica 
chironomid larvae, and high plant material. 
Ptyochromis xenognathus 
Twelve specimen of P. xenognathus of 72-110 mm SL were examined out of which three 
contained food. The food items included gastropods (90%), ephemeropteran nymphs (5%) and 
chironomid pupae (5%). Only the soft parts of gastropods were found in the stomachs. 
Paralabidochromis chilotes 
Sixteen specimen of 65-120 mm SL were examined out of which seven contained food. The 
food items found included chironomid larvae (58.1 %), ephemeropteran nymphs (22.4%), 
Odonata nymphs (9.5%), fish remains (4.8%), chironomid pupae (1.9%), and detritUs (1.9%) 
and trichoptera nymphs (1.4%). 
DISCUSSION 
Insects are the most important food organisms eaten by haplochromines in the littoral areas of 
Lake Victoria. Besides the 13 species that had fed predominantly on insects, many others 
.included some insect material -in the their diet. The haplochromines studied can, therefore, be 
divided into three trophic groups (Figure 3) namely insectivores (13), molluscivores (2), and 
prawn-eaters (2). Species whose trophic groups were unknown were four. Greenwood (1974) 
working on species in the Napoleon Gulf of Lake Victoria recorded five trophic groups and 
these were in order of abundance, insectivores, piscivores, molluscivores, plant material (algae 
and macrophytes) and scale-eaters. In the sublittoral areas of the Mwanza Gulf (Goldschmidt 
1996), eleven trophic groups were recorded (Figure 4.3) and these included fish-eaters (134), 
insectivores (29), zooplanktivores (21), molluscivores (21), detritivores (16), prawn-eaters (13), 
algae-eaters (10), and plant-eaters (2), and parasite-eaters (2) and crab-eaters (1), and 53 species 
of unknown trophic groups. 
Comparison of the present data with information obtained before the upsurge of L. niloticus 
indicate that haplochromines which were still surviving had not changed their diet although 
most of them tend to feed on a variety of larval insects in add,ition to their original diet. In Lake 
...-------------------- -•
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. ~ig. 3. Comparison of number of haplochromine trophic groups from Mwanza gulf and Napoleon gulf based 
on data from the Mwanza gulf 1996 and ttlat collected during this study 
Victoria, A. alluaudi was reported to feed almost exclusively on Mollusca and particularly on 
the thick-shelled Melanoides tuberculata (Greenwood 1981). This fish therefore still depends 
on a molluscivorous diet. In the eleven' specimen of P. paraguiarti examined by Greenwood 
(1981), one specimen contained fish remains together with a little phanerogam tissue, five 
contained fragments of larval ephemeroptera .while the remaining eleven yielded a mixture of 
plant tissue and insect fragments (larval ephemeroptera). This fish therefore still depends on its 
original diet. In the specimens of H guiarti examined by Greenwood (1974) the material found 
in the guts included fishes, insects, chironomid larvae and less frequently larval ephemeroptera 
and fragments of phanerogam tissue. H. guiarti therefore still depends on its original diet 
although it is now including C.· nilotica. In Lake Victoria, A. nubila were found to have a rather 
omnivorous diet in which larval insects and small crustacea predominate (Greenwood 1981), 
but they now seem to be more restricted to invertebrates especially insects. Out of the seventeen 
specimen of P. xenognathus examined by Greenwood (1981), ten contained only the soft parts 
of Gastropoda, three contained chironomid and ephemeroptera larvae, two coptained detritus 
and three contained unidentified sludge. Eight of the 23 'specimen of P. chilotes examined by 
Greenwood (1981) contained food in the stomach and intestines. One fish had fed mainly on C. 
nilotica and the others insect larvae namely Povilla adusta, Trichoptera and Diptera larvae. 
Plant debris and sand grains also occurred in the stom~chs. P. chilotes therefore still depends 
on an invertebrate diet. 
Laboratory experiments of food preferences have indicated that food segregation takes place 
only during periods of low food abundance (Liem & Kaufman, 1984). Further, species 
apparently specialised for certain food sources may switch food preferences when other foods 
become superabundant (Witte, 1987). Recent studies on Lake Victoria indicate increase in 
densities of lakeflies and dipteran larvae (Kaufman 1992, Mbahinzireki 1993). 
Greenwood (1974) also noted that L.Victoria haplochromines retain a measure of flexibility in 
their feeding habits. Such evolution could have played a 'part in the evolution of the 
haplochromine species flock~ N nigricans was supposed to be predominantly a grazer on 
epilithic algae. In Lake Victoria, ingested material from thirty-two stomachs of N nigricans 
showed a preponderance of diatoms over all other material (Greenwood 1981). The current 
observations suggest that this fish has shifted from a more plant to invertebrate diet. . Most of 
the specimens ofN. nigricans examined were caught from Rwamafuta site which is exposed to 
very strong wave action that makes it difficult for epilithic algae to grow on the rocks. '. This 
could have led the species to shift its diet from the epilithic algae to other readily available food 
items, especially larval insects. The Haplochromine Ecology Survey Team noted that "H". 
'rockcribensis was a scraper-toothed insectivore, the gut contents of specimen caught in Kenya 
contained insect larvae mixed with bivalve and gastropod shell hash, (Kaufman & Ochumba, 
1993), while in the present study P. "rockcribensis" fed predominantly on C. nilotica, followed 
by larval insects and rarely phytoplankton. Thus P. rockcribensis could have shifted its diet to 
take advantage of the increasing biomass of C. nilotica in Lake Victoria. 
However, some of the species encountered have not yet been descri~ed and this makes it 
difficult to compare their present diet with what it was before the upsurge of Nile perch. In 
addition, the population of haplochromines in Napoleon ·Gulf has changed. Most of the known 
described species that used to dominate the catch are no longer encountered. The majority of 
the haplochromines being recorded in the present study are the undescribed ones. 
CONCLUSION 
The diet of the different trophic groups of the surviving haplochromines in the littoral areas of 
Lake Victoria has not changed. Insects are still the most dominant food organisms eaten by the 
haplochromines. Although zooplankton, plant material and detritus were never re~orded as 
being dominant food items in anyone species, they were frequently found in guts of species 
whose food was otherwise of different origins. Fish remains were also recorded from stomachs 
of several species although they were never a dominant food item in any of the species. Some 
~	 of the trophic groups not found in the present study could have disappeared. This implies that 
primary production is no longer channeled through via a haplochromine chain, as was the case 
before the establishment of exotic species .in Lake Victoria. 
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CHAPTER 8
 
The Trophic Structure and Diversity of Haplochromines among the Kyoga Minor 
Lakes 
Mbabazi Dismas, 
Fisheries Research Institute, 
P. O. Box 343, 
Jinja. 
Abstract 
Before the introduction and establishment of the Nile perch, Lates niloticus (L). Lakes Victoria 
and Kyoga had a diverse fish fauna, dominated by haplochromine cichlids. The haplochromines 
had evolved into many trophic groups which occupied virtually all trophic levels and contributed 
to the ecological efficiency of the lakes. Establishment of Nile perch in the main lakes was 
followed by a decline and in some cases complete disappearance of many haplochromine trophic 
groups. This is thought to have affected the efficiency of the ecosystem. This study examined the 
species composition and trophic diversity among haplochromines in Kyoga Minor lakes where 
Nile perch was not introduced and compared this with historical data from lakes Victoria. 
Six Kyoga Minor lakes and the main Lake Kyoga (Iyingo) were sampled. Forty one 
haplochromine species were recorded in the Kyoga lake basin and only fourteen species were 
recorded from the main Lake Kyoga. Species and trophic diversity of haplochromines were 
highest in the Kyoga Minor lakes as compared to Lake Kyoga. 
The food materials ingested by haplochromines were algae (blue-green algae, green algae and 
yellow-green algae), fish eggs, detritus, fish remains, higher plant material, insects (Odonata, 
mayfly, Dipteran larvae and pupae), insect eggs, molluscs(gastropods and bivalves) and fish 
scales. Six trophic groups were recorded from the Kyoga Minor lakes as compared to only two 
trophic groups in the main lake. 
Most of the trophic groups of haplochromines which existed in the lakes Victoria and Kyoga prior 
to the Nile perch introductions and which are now believed to be depleted from these main lakes 
are present in the Kyoga Minor lakes. This provides a picture about the trophic structure of 
haplochromines from the Lake Kyoga before the Nile perch upsurge. 
.­
Some Kyoga Minor lakes like Nawampasa, Gigati, Kawi and Agu should be designated as 
conservation areas of haplochromines and other species threatened by introduction of exotics. 
Clearing of swamps and vegetation that separate Kyoga Minor lakes from the main lake should be 
avoided to prevent the spread ofNile perch into these lakes. 
Back ground 
The Victoria and Kyoga lake basins had a high fish species diversity with many endemic fish 
species. Two Tilapiine species, Oreochromis esculentus and Oreochromis variabilis were the 
most important commercial species in lakes Victoria and Kyoga. and did not exist elsewhere 
on earth (Graham 1929, Worthington 1929). Other species such as Protopterus aethiopicus, 
Bagrus docmac,. Clarias gariepinus, Barbus spp, mormyrids, Synodontis spp, Schilbe 
intermedius and Rastrineobola argentea, were also abu~dant (Graham 1929, Worthington 
1929, 1932a, Kudhongania & Cordone 1974). Rivers in the Victoria basin had a number of 
riverine species of which Labeo victorianus and Barbus altianalis were the commercially 
important. Lake Victoria contained more than 300 species of haplochromine cichlids about 
99% of which were endemic (Witte et al. 1992 a, b). Lakes Kyoga and Nabugabo also had 
endemic haplochromine species (Worthington 1929, Trewavas 1933, Greenwood 1965, 1966). 
These haplochromines were important as food and were of medical, scientific and ecological 
value. They occupied many trophic levels thus playing a major role in energy flow and overall 
ecological efficiency of these lake systems. They were crucial in maintaining the ecosystem 
that supported other food fishes, as well as the high biodiversity associated with the lake basin. 
Studies of haplochromines played a major role in illustrating how organisms undergo adaptive 
radiation to produce new species, "and how a trophically diverse assemblage can efficiently 
utilize an ecosystem (Lowe- Mc Connell, 1987). 
By the 1960s, stocks of the native tilapiines and other large species of Lake Victoria had been 
reduced by overfishing (Jackson 1971, Ogutu-Ohwayo 1990a). Nile perch and four tilapiine 
species were introduced into many of the lakes in the basin, including lakes Victoria and 
Kyoga in 1950's and early 1960's to improve stocks of the declining fishery. As stocks of 
introduced species increased, stocks of most of the native species declined rapidly or 
disappeared altogether. Of the more than 300 native species, only Rastrineobola argentea 
(Mukene) remained abundant (Ogutu-Ohwayo 1990c). Haplochromines dropped from about 
80% of the fish biomass in Lake Victoria in 1970s to less than 1% in 1980s, and about 200 
species are feared to have become extinct. 
As a result of overfishing and introduction of exotic fishes, populations of most of the native 
species declined and many species became extinct (Witte et ale 1992 a, b). Unlike the original 
decline in fish stocks which was due to overfishing (Jackson 1971, Ogutu - Ohwayo 1990 a), 
the recent and more drastic decline has been attributed to predation by the introduced Nile 
perch and overall environmental degradation (Ogari & Dadzie 1988, Ligtvoet & Mkumbo 
1990, Ogutu - Ohwayo 1990 b, Witte et ale 1992 a, b). 
The loss of species and trophic diversity, and associated alterations in food webs have been 
accompanied by more frequent algal blooms and deoxygenation of the hypolimnion, which 
sometimes have been associated with mass fish kills in Lake Victoria (Ochumba & Kibara 
1989). The accumulation of excess organic matter is an indication that much of the organic 
matter produced in the lake is not being channelled efficiently through the food web~ The 
haplochromines had occupied virtually all trophic levels, including phytoplanktivores, 
zooplanktivores, insectivores, molluscivores, detritivores, piscivores and maintain~d an 
efficient flow of organic matter in the system. The decline in stocks of this trophically diverse 
'fish community seems to have reduced grazing pressure and the overall ecological efficiency 
of the lake systems. 
Experimental fishing on Lake Kyoga has shown that, since 1991, stocks of haplochromines 
started to increase (Ogutu-Ohwayo, 1994; 1999). These initially consisted of a few species of 
Astatotilapia. This recovery of haplochromines started just after the invasion of the lake by the 
water hyacinth. The floating weeds seem to have provided cover from the Nile perch predation. 
Moving hyacinth mats also seem to have assisted in dispersing the haplochromines from their 
refugia. Some of the haplochromines could have recolonised the lake from the Kyoga minor 
lakes. High fishing pressure and use of destructive fishing gears and methods which has caused 
reduction in Nile perch stocks, has also contributed to recovery of haplochromines (Ogutu­
2 
Ohwayo, 1994). 
Only a few trophic groups of haplochromines are still surviving in inshore and offshore areas of 
lake Victoria (Namulemo, 1997; Tumwebaze, 1997; Ebong 1999). The inshore haplochromine 
community is dominated by insectivores with a few molluscivores, prawn eaters, 
phytoplanktivores and detritivores and in offshore waters, zooplanktivorous Yssichromis sp. 
Other trophic groups especially phytoplanktivores and detritivores are rare. Fish species diversity 
is higher in shallow inshore areas than in offshore areas especially in those areas with macrophyte 
cover and rocky out-crops (Namulemo, 1997). 
Some of the haplochromines depleted from lakes Victoria and Kyoga are present in satellite lakes 
in the Victoria and Kyoga lake basins (Wandera et ai, 1999). The fish communities of most of 
these lakes are composed of native species. This study examined the trophic structure and 
diversity of haplochromines among the satellite lakes of the Kyoga lake basin to see if any of the 
trophic groups that have been decimated from lakes Victoria and Kyoga still existed in these lakes 
and to evaluate their current trophic status. 
The Global Environmental Facility (GEF) is currently supporting the East African countries to try 
to restore the health of Lake Victoria especially the diversity of haplochromines. This includes 
providing the knowledge on trophic diversity and interrelationships between species. This study 
could contribute to this effort by showing the trophic status of haplochromines in those lakes 
where the group still survives. 
Study Objectives 
The overall objective of this study was to rectify the serious lack of knowledge on trophic 
ecology in the Victoria and Kyoga lake basins by examining species composition, food, trophic 
relationships and diversity of the haplochromines in the Kyoga satellite lakes. This was achieved 
by specifically examining the following; 
a)	 The species composition and diversity ofhaplochromines in the Kyoga Minor lakes. 
b)	 The food and trophic diversity ofhaplochromines in the Kyoga Minor lakes and how 
this compares between the Minor lakes and with lakes Victoria and Kyoga. 
Study Area, Materials and Methods 
Choice of the Study Area 
This study focused on the Victoria and Kyoga lake basins (Figure 2.1). The Victoria and Kyoga 
lake basins had a similar native fish fauna (Graham 1929, Worthington 1929). The two main 
lakes have also had similar history with Nile perch being introduced and having similar impacts in 
the two lakes. For ichtyogeographical purposes, the two lakes can be considered to be similar. 
Lake Kyoga basin, however has many minor lakes which are separated from the main lake by 
swamp and many of which have had human impacts. It was therefore considered that 
understanding of these lakes would contribute to the knowledge base required to solve some of the 
problems experienced in Lake Victoria and Kyoga especially the loss in trophic diversity which 
seems to have enhanced trophic inefficiency. 
3 
Study Area 
The study was carried out on lakes Kyoga (Iyingo), Nawampasa, Gigati, Nyaguo, Agu, Kawi 
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Materials and Methods 
Fish specimen were collected using three fleets of monofilament gill nets of mesh sizes ranging 
from 25.4 mm to 101.6 mm increasing by 12.7 mm and locally constructed basket traps. The first 
fleet was set along the shoreline, the second within aquatic macrophytes whenever present or 20 
m from the shoreline and the third in open water 2: 100 m from shoreline. On Lake Kyoga a 
second set of three fleets was set offshore in the open water. The nets were set at dusk, and 
retrieved the following morning. .Fish were sorted into their taxonomic groups to species level 
whenever possible and the number and weight of each taxa recorded. The specimen that could 
not be identified in the field were tagged with numbers and photographed. Haplochromines were 
preserved in 10% formaldehyde solution, labelled with date and habitat of capture and to the 
laboratory. 
In the laboratory haplochromines were sorted into taxonomic groups to genus or species level 
where possible. Species were identified using morphometric and meristic procedure as in 
Greenwood (1981). If a fish could not exactly fit the described characters it was assigned an 
"chieronym". The different haplochromine taxa were then preserved separately for food analysis. 
The preserved haplochromines were given serial numbers, cut open, the stomach of each fish 
dissected out and its degree of fullness determined as empty (0), <1/4, 1/4, 1/2, 3/4 or full (1). 
The stomach was opened and the contents emptied on to a petri dish, flooded with water and 
examined under a binocular microscope. A sample was then taken and examined under a 
compound microscope. The food items were sorted, identitied as far as possible and as 
percentages through judgement by eye. The percentages were then allotted points 0, 1, 2, 4, 8 
and 16 depending on the relative importance of the food item in the stomach according to Hynes 
(1950). Each haplochromine was assigned to one of the trophic groups previously described for 
Lake Victoria haplochromines 
Species composition of haplochromines was estimated from the total number of each species 
encountered. The percentage contribution by number ofeach species was calculated. 
Shannon-Weaver Index H' (Pielou, 1969) and number of species were used to estimate the 
diversity ofhaplochromines. The diversity Index H' was computed using the fonnula; 
H'= - Ls PilogeP, 
i=l 
where s is the number of species and pi is the proportion by number, of each taxon in the 
sample. 
The biodiversity values of haplochromines in the different lakes were assessed using the method 
given by Fuller et al., (1998). Species richness and species rarity for uniqueness were used in 
detennination of biodiversity ratings. 
The food items were classified into related groups and the dominant food category was taken as 
decisive of the trophic classification (Witte, 1981). A trophic group consists of species using the 
same food category. Shannon-Weaver Index H' (Pielou, 1969) and number of trophic groups were 
used to estimate the trophic diversity of haplochromines between the lakes. The diversity Index 






where sisthe number of trophic groups and pi isthe proportion by number of species ofeach 
,trophic ~oup. 
The transfer of energy by haplochromines in the different lakes was assessed through the primary, 
secondary and tertiary levels. The haplochrominesfeeding on detritus" algae and higher plant 
material were regarded as primary consumers, those feeding on insects and molluscs were 
regarded as secondary consumers and those feeding on fish eggs and fish were regarded as tertiary 
consumers. 
Results 
Forty onehaplochromine species were recorded in the six lakes sampled in the Kyoga lake basin 
(Table 1). Haplochromine species diversity within,the different lakes basing on number of 
species and Shanon Weaver Index of Diversity is illustrated in Figure 3. Basing on number of 
species the diversity was highest in Lake Nawampasa (29), followed by lakes yigati (26),Kawi 
(20), Agu (17), Nyaguo (16), Kyoga (15) and ,was lowest in Lake Lemwa (12). 'Basing on 
Shannon-Weaver. index the diversity ofhaplochromineswas highest in Lake Agu (1.68), followed 
-by lakes Nawampasa (1.60),K~wi (1.27), Nyaguo (1.22), Gigati (1.17), Kyoga (1.08) and was 
lowest in Lake Lemwa (1.07). Overall, the species diversity ofhaplochromines in the minor lakes 
was higher than that in the main lake. ' 
The biodiversity values of the different lakes is given (Table 2). The biodiversity values were 
high in lakes Nawampasa and Gigati,medium in lakes Kawi, Kyoga Nyaguo and was low in lakes 
Agu and Lemwa. Lake Agu was however considered a special lake I site. 
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Table 1 The overall percentage composition of haplochromines by number from 
the Kyoga lake basin. 
Lakes 
Species Lemwa Kawi Agu Nyaguo Gigati'Nawampasa Kyoga Kyoga Overall 
minor 
Astatoreochromis a/luaudi 0.72 1.19 3.19 0.50 0.87 0.15 0.27 0.77 0.74 
Astatoti/apia latifasciata 0.00 0.00 0.64 0.00 0.69 1.41 0.00 0.70 0.66 
Astatotilapia martini 0.10 0.00 0.00 0.74 0.04 0.00 0.00 0.05 0.05 
Astatotilapia nubila 22.98 8.71 3.19 25.81 0.43 0.30 25.97 4.24 5.56 
Astatotilapia "miniblack" 0.10 0.00 7.99 0.00 0.74 5.90 0.00 2.01 1.89 
Astatotilapia 'jattoth" 54.66 64.37 17.57 49.13 26.22 39.03 0.00 36.56 34.34 
Astatotilapfa "macrops" 0.00 0.16 0.00 1.49 0.28 0.07 0.00 0.23 0.22 
Astatotilapia "thicklipped" 0.00 0.00 0.00 0.00 0.07 0.04 0.00 0.04 0.04 
Astastotilapfa "kyogaastato" 0.00 0.00 0.00 0.00 0.00 0.15 6.97 0.04 0.46 
Gaurochromis sp 0.00 0.00 0.00 0.00 0.00 ~ 0.15 0.05 0.04 0.04 
Haplochromis lividus 13.04 0.63 43.13 0.50 43.74 32.27 "0.14 31.98 30.04 
Lipochromis Hblackcryptodon" 0.21 3.48 0.64 0.74 0.39 0.82 0.14 0.84 0.80 
Lipochromis cryptodon 0.00 0.40 0.00 0.50 0.05 0.00 0.00 0.09 0.08 
Lipochromis microdon 0.00 0.24 0.64 0.00 0.44 0.41 0.00 0.36 0.34 
Lipochromis obesus 0.00 2.69 4.79 0.50 0.97 0.67 0.00 1.10 1.03 
Lipochromis parvidens 0.00 0.16 1.92 0.00 1.22 0.97 0.14 0.91 0.87 
Lipochromis "white" 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.02 0.02 
Lipochromis maxillaris 0.00 0.32 0.64 0.00 0.05 0.52 0.00 0.20 0.19 
Paralabidochromis "blackpara" 6.83 1.43 0.00 0.00 0.02 0.00 40.73 0.75 3.19 
Paralabidochromis "redfin" 0.10 0.63 0.00 0.00 0.25 0.59 0.00 0.35 0.32 
Paralabidochromis "deep body" 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.02 0.02 
Prognathochromis argentus 0.62 2.38 5.11 0.00 0.60 4.79 0.00 1.91 1.79 
Prognathochromis "long lower jaw piscivore" 0.00 0.00 0.00 0.50 0.04 0.00 0.00 0.04 0.03 
Prognathochromis pellegrini 0.00 0.00 2.56 0.00 0.00 3.79 0.00 0.98 0.92 
Prognathochromis "silvermale" 0.00 0.00 0.00 1.99 0.00 0.00 0.00 0.07 0.07 
Prognathochromis "black red tail piscivore" 0.00 0.00 0.00 0.74 0.00 0.07 0.00 0.04 0.04 
Prognathochromis "slilleto" 0.00 0.08 0.32 0.00 0.00 1.89 0.00 0.47 0.44 
Prognathochromis "shovelmouth" 0.00 8.31 2.24 13.90 1.60 2.90 19.27 2.98 3.97 
Ptyochromis "gigatisheller" 0.00 0.00 0.00 0.25 0.04 0.04 0.00 0.04 0.03 
Pyxichromis orthostoma 0.41 4.35 0.00 1.99 0.34 0.41 0.27". 0.86 0.82 
Paralabidochromis "victoriae" 0.00 0.00 0.32 0.74 0.00 0.00 0.00 0.04 0.03 
Xystichromis phytophangus .. 0.00 0.16 5.11 0.00 20.81 2.34 0.27 11.13 10.47 
Yssichromis "lemwa zooplanktivore" 0.21 0.16 0.00 0.00 0.00 0.00 0.00 0.04 0.03 
Yssichromis "kyoga zooplanktivore" 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.02 
Paralabidochromis "earthquake" 0.00 0.00 0.00 0.00 0.00 0.00 2.32 0.00 0.14 
Prognathochromis guiarti 0.00 0.00 0.00 0.00 0.00 0.00 0.68 0.00 0.04 
Xystichromis Hflame back" 0.00 0.00 0.00 0.00 0.00 0.00 2.41 0.00 0.15 
Paralabidochromis "silverpara" 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.04 0.03 
Haplochromis Hunicuspid" 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.02 0.02 
Astatotilapia "redtailfattooth" 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.01 0.01 
Astatotilapia Hpseudomartini" 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.05 0.05 
Grand total 100 100 100 100 100 100 100 100 100 
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Table 2 The relative Biodiversity values of haplochromine species for 
different lakes. 
Lakes 
Parameter Organisms Lemwa Kawi Agu Nyaguo Gigati Nawampasa Kyoga 
.__..._-_._---_._-_...__.._..__._--_.._._--------_...-... 
Species Haplochromines 0 3 2 1 4 5 0 
richness (1) 
Species rarity Haplochromines 0 1 0 2 3 5 4 
(2) 
Overall total 0 4 2 3 7 10 4 
(1+2) 
Ratings ·L M L M H H M 
S 
Modified from (Fuller et ai, 1997) 
Biodiversity value Rating (crit~cal values are arbitrary) 
High (H) 5-10 
Medium (M) 3-5 
Low (L) <3 
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Trophic diversity by number oftrophic groups varied between lakes. Lake Kyoga (6) had the 
highest followed by lakes Kayugi,Nabugabo, RiverNile"andMburo (3) and the lowest number 
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The Role of Yssichromis Species (Pisces: Cichlidae) in the Trophic
 
Ecology and Foodwebs of Lake Victoria
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Abstract 
Many haplochromine cichlids coexisted in Lake Victoria before the upsurge of Nile 
perch. The introduction of the Nile perch led to depletion of many haplochromines and 
other fish species in Lake Victoria. The impact of Nile perch predation on 
haplochromines differed for different haplochromine .trophic groups. Yssichromis 
fusiformis (0) and Yssichromis laparogramma (G) are among the species that have 
survived in the lake. Yssichromis spp. was studied with the aim of determining their 
trophic role, food and feeding habits. Samples were collected from, Bugaia, Buvuma 
channel and Napoleon Gulf in the northern part of Lake Victoria. The food of 
Yssichromis spp. varied with size of fish. Both Y fusiformis and Y laparogramma fed on 
Copepods, Cladocerans, Chaoborus and Chironomids. Juvenile Yssichromis spp. fed 
exclusively on zooplankton comprising Cyclopoid copepods, Calanoid copepods and 
Cladocera. The relative importance of Chironomid larvae and Calanoid copepods was 
higher in Bugaia than in Buvuma channel while Cyclopoid copepods and C.hironomid 
pupae were relatively less important in Bugaia. The main food items that Yssichromis 
spp. fed on in Buvuma channel were Chironomid larvae Cyclopoid copepods, 
Cladocerans and Calanoid copepods. In Napoleon Gulf, fish caught from commercial 
fishery of Rastrineobola argentea (P) had fed on Chaoborus and Chironomids.· Overall, 
Yssichromis spp. fed on more zooplankton in Buvuma than in Bugaia. Yssichromis spp. 
and R. argentea are presently the most abuntlant zooplanktivores in the northern part of 
Lake Victoria and are playing an important trophic role as major consumers of 
zooplankto'n and insect larvae in the foodweb of the lake ecosystem. Yssichromis spp. are 
bridging the transfer of energy from the lower to the higher trophic levels as seconqary 
consumers. The fishery is still not contributing to the direct conversion of the primary 
products, the phytoplankton and detritus that were efficiently utilised by the diverse 
haplochromine trophic grol.\ps that existed before the Nile perch boom. 
Introduction 
Lake Victoria, the second largest lake in the world is a major source of high quality 
animal protein (fish) and clean water; is used for transport & recreation; and is a source 
of revenue and employment for the population in it's basin. In the first half of this 
century, Lake Victoria had a very diverse fish fauna comprising 28 'genera (Greenwood 
1974). The majority (300+) of these species were haplochromine Cichlids (Greenwood 
1974, 1981; van Oijen et al. 1981; Witte & van Oijen 1990). Haplochromines occupied 
virtually all habitats of the lake and fed on nearly all food sources in the lake, each 
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species or group of species having a specific habitat, diet and feeding behaviour (Witte et 
al. 1992a; Wanink 1991). These fishes fed on the dominant bloom forming algae and 
detritus and this prevented eutrophication. 
The haplochromines were particularly important as primary and secondary consumers 
(Witte 1981; Witte & van Oijen 1990). They were the major players in the trophic inter­
relationships that involved major energy pathways starting from the phytoplankton and 
bottom deposits (detritus) via the haplochromines to the piscivorous catfishes and 
haplochromines, zooplankton and insect larvae to zooplanktivorous haplochromines and 
Rastrineobola argentea (P) to piscivores, insect larvae to various fish taxa and via 
molluscs to various fish taxa (HES'"r 1988). 
Up to the beginning of 1960s, the then multispecies fishery of Lake Victoria had declined 
due to over fishing and this decline in the fisheries led to the introduction of exotic 
tilapiines (Oreochromis leucostictus (T), Oreochromis niloticus (L), Tilapia zillii (G) & 
Tilapia rendalli (B) and Nile perch (Lates niloticus) (L) in the 1960s to augment the 
declining stocks (Welcomme 1964, 1966, Ogutu-Ohwayo 1990). 
Nile perch was expected to prey on the small haplochromines not fished to their full 
potential, thus making this source of protein more available for human harvest. The 
stocking of exotic species in the lake increased the total catch (Welcomme 1966, Fryer 
1973) and in the early 1980s, an explosive increase of Nile perch took place in Lake 
Victoria. Simultaneously, stocks of other species declined in several areas of the lake 
(Hughes 1983, Barel et al. 1985, Ogutu-Ohwayo 1990, Witte et al. 1992b. The increase 
in Nile perch population corresponded with a rapid decline of the haplochromine stocks. 
The loss of phytoplanktivores has left excess biomass produced due to increased nutrient 
accumulation unconsumed thus contributing to anoxia in deep waters. Algal biomass has 
increased 4-5 times higher than the mean value of the 1960s and phytoplankton 
production doubled (Mugidde 1993, Hecky 1993). Oxygen concentration in the 
hypolimnion during the period of stratification decreased and anoxia started occurring for 
longer periods and was elevated in the water column (Hecky et al. 1994). The 
composition of aquatic invertebrates has also changed. Zooplankton composition has 
changed from predominance of Calanoid copepods to a dominance of Cyclopoid 
copepods (Mwebaza-Ndawula 1993). The benthic invertebrates are dominated _. by 
Chironomids, Chaoborids and Caridina nilotica which can tolerate low oxygen tensions 
(Ogutu- Ohwayo et al. 1997). 
Large haplochromines were more susceptible to extinction than small and abundant 
species. The piscivores were the first to disappear while the detritivores and 
zooplanktivores persisted for longer periods (Witte & van Oijen 1990). Out of 80% of 
the demersal ichthyomass in Lake Victoria in the 1970s, 16% of the demersal fish in the 
sub-littoral regions consisted of zooplanktivorous haplochromines (Kudhongania & 
Cordone 1974). The pelagic zooplanktivorous and littoral dwelling detritivorous species 
showed the slowest rate of decline. The least affected were haplochromines that lived 
between boulders and rock crevices. Despite their less common occurrence, the 
zooplanktivores persisted longer in the catches than the detritivores (Witte 1984, 
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Goldschmidt et ale 1990). After the haplochromines had declined, Nile perch switched to 
other prey such as the prawn Caridina nilotica, the cyprinid R. argentea and its own 
young (Gee 1969; Okedi 1971, Hughes 1986, Ogari & Dadzie 1988, Ogutu-Ohwayo 
1990). 
Not all fish species decreased after the increase of Nile perch. The abundance, (measured 
as catch per unit effort) of the pelagic zooplanktivofous cyprinid, R. argentea, which has 
a small habitat overlap with the benthic Nile perch, increased in the period between 1982 
and 1987 -(Wanink 1991, Witte et ale 1992a). At present, this fish species ranks among 
the top three commercial species exploited in Lake Victoria (Ogutu - Ohwayo et ale 
1997). 
The currently dominant Nile perch and R.argentea are mainly secondary and tertiary 
consumers. The trophic system is now relatively simple with the bulk of the biomass 
within the fish community being shifted from primary consumers 
(detritivorous/phytoplanktivorous haplochromines) to the top predator (Lates) which now 
operates mostly as a secondary and tertiary consumer with extensive cannibalism within 
its own population (Ogutu-Ohwayo 1990, Ligtvoet & Mkumbo 1990).­
Although the strong increase of Nile perch seemed a favourable economic development, 
recent returns show that Lake Victoria is entering yet another period of ecological 
changes because Nile perch catches peaked in the period of 1985-90 and are now 
declining while fishing effort is still increasing (Pitcher & Bundy 1994, Reidmiller 1994). 
Witte and Witte-Mass (1987) predicted that high densities of the Nile perch might very 
well be temporary. A decrease of these densities in future might allow certain 
haplochromines to increase in numbers. Kenyan and Tanzanian Fisheries records showed 
increase in numbers of haplochromines in shallow waters (Achieng 1990). In ~ake 
Kyoga where Nile perch densities have fallen following heavy fishing pressure and the 
increase in aquatic macrophytes particularly the Water hyacinth (Eichhornia crassipes) 
which provide refuge and reduce predation losses, the haplochromines have increased 
(Ogutu-Ohwayo 1994).. 
Trawl surveys in the open waters of Lake Victoria (Tumwebaze 1997) indicated 
abundance of Yssichromis spp. and the same species has been observed as significant·.by­
catch in the R. argentea fishery (Wandera per.com.). 
Objective 
The objective of this study was to provide information on the abundant haplochromine 
taxa especially the food, feeding habits and their role in the trophic ecology of Lake 
Victoria.­
Materials and Methods 
This study was conducted in three areas of the Northern waters of Lake Victoria (Fig. 1). 
This included three characteristic areas: Bugaia, open ,water 40-60m deep, Buvuma 
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channel, 20-30m deep and Napoleon gulf, a shallow sheltered littoral area with water . 
depth less than 20m. Samples collected by FIRI researchers on their regular cruises in 
other parts of the Ugandan sector of the lake were also examined. 
Sampling was done using a mid-water beam trawl. The trawl was operated either from 
the 180 HP research vessel MV Ibis or the 125 HP MV Mputa. The beam trawl had ·a 
metallic frame opening of 3x3m, a conical bag of graded stretched mesh size of 152-25.4 
mm and .codend of 5 mm mesh net. The samples were collected between December 1996 
and October 1997. The trawl depth was adjusted by changing the vessel speed and 
measuring the angle of warps using a wooden protractor fitted with a spirited level to 
measure the depth indirectly. An echosounder was used to locate the depth of fish 
schools according to echo traces on the echogram. On retrieval of the beam trawl, 
Yssichromis were preserved in 4-5% formalin, labelled with date, time and place of 
capture for laboratory analysis. All the sampling was conducted between 09.00 hrs and 
18.00 hrs. 
Y laparogramma and Y fusiformis were isolated and identified in the laboratory 
according to Greenwood and Gee (1969) (Fig. 2). The total length (TL) of individual fish 
was then measured to the nearest 1 millimetre using a measuring board. Fish were 
grouped in to 10 mm length groups.. A random sample of 10 fish was then picked from a 
length class for biometric data examination. Standard length of individual fish was 
recorded to the nearest 1 mm and the weight recorded to the nearest 0.1 g on a biometric 
data sheet. 
The specimen were dissected, stomach fullness recorded and food analysis (with 
modification from Hynes (1950) method) treated as follows: 
a) The food of those fishes where it had been possible to distinguish the two species 
precisely was examined first to give an idea of what the different species fed upon; 
b) Data for both species and that of those cases where it had not been possible to isolate 
the two species were then analysed together to give an idea of the trophic role of the 
group; 
c) This was followed by analysis of the food of combined data· between the inshore 
(Napoleon) station, the mid-depth (Buvuma) station and the offshore (Bugaia) station 
to provide information on the difference that might exist between the stations; 
d) Finally, the major food categories encountered (Zooplankton and Insects) was 
analysed to provide information on how the group channelled these categories of food 
through the foodweb of!the lake. 
Results 
Food of Yssichromis fusiformis 
The type of food ingested varied with the size of the fish. Y. fusiformis of 30-39 mm SL 
fed almost exclusively on zooplankton comprising Cyclopoid copepods (37%), Calanoid 
copepods (36°A» and Cladocerans (270/0) (Fig. 7). Larger fish fed on zooplankton and 
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insects. The insects ingested included Chironomid larvae and pupae and Chaoborus 
larvae. The proportion of Calanoid copepods in the diet decreased from 36% in fish of 
30-39 mm to 14 % in fish of 40-49 mm while that of Chironomid larvae increased to 13% 
in fish of 40-49 mm. Fish of >60 mm standard length ingested 50% Cyclopoid 
copepods, 28% Calanoid copepods, 12% Chaoborus larvae and 8% Chironomid larvae. 
Overall, Cyclopoid copepods contributed 380/0 followed by Calanoid copepods (17%), 
Cladocerans (17%), Chaoborus larvae (110/0), Chironomid pupae (9%) and Chironomid 
larvae (8%) (Figure 9a). 
Food of Yssichromis laparogramma 
Y laparogramma generally fed on zooplankton and insects (Fig. 8). Yssichromis 
laparogramma of 30-39 mm standard length had fed on Cyclopoid copepods (30%), 
Calanoid copepods (10%), Cladocera (13%), Chironomid larvae (33%) and Chironomid 
pupae (14%). Specimen of 40-49 mm SL fed on Chaoborus larvae (35%), Chironomid 
pupae (280/0), Cyclopoid copepods (22%), Cladocerans (10%) and Calanoid copepods 
(4%). Specimen >60 mm SL fed exclusively on Chaoborus larva~ and Chironomid 
pupae. Overall, Cyclopoid copepods contributed 270/0 followed by Chaoborus larvae 
(19%), Chironomid larvae (16%), Chironomid pupae (15%), Cladocerans (12%) and 
Calanoid copepods (11 %) (Figure 9b). 
Overall food of Yssicllromis species 
The major food items found in the stomachs of both species of Yssichromis were mainly 
zooplankton and insects (Fig. 10). Zooplankton consisted of Cladocerans, Cyclopoid 
copepods and Calanoid copepods while the dominant insects were Chironomids and 
Chaoborids. The type of prey eaten varied with size of the fish. From 20-29 nun SL, 
Yssichromis fed exclusively on zooplankton comprising Cyclopoid copepods (55%), 
followed by Cladocerans (31 %) and Calanoid copepods (14%). Between 30 & 39 mm 
SL, the food items ingested were Cyclopoid copepods (29%), Calanoid copepods (28%), 
Cladocerans (26%) Chironomid larvae (12%) and Chironornid pupae (4%). Between 40­
49 mm, there was increase in the relative importance of insects in the diet of Yssichromis 
species especially Chironomid larvae (26%) and Chironomid pupae (11 %). Between.. 50­
59 mm, there was a general decrease in relative importance of zooplankton especially 
Cyclopoid copepods from 24% to 14% and Cladocerans from 16% to 12% while 
Chaoborus larvae increased from 3% to 11 % and other unidentified materials from 2% to 
100/0. Traces of algae (2%) were recorded in this length class. From 70 mm to 89 nun 
standard length, there was substantial increase in the amount of Cyclopoid copepods 
(10% to 40%) and Chaoborus larvae (15% to 40%) ingested. Overall, Cyclopoid 
copepods contributed 27% followed by Chaoborus larvae (19%), Chironomid larvae 
(16%), Chironornid pupae (15%), Cladocerans (12%) and Calanoid copepods (11 %) 
(Figure 11). 
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Comparison of the food for combined Yssichromis species between sampling· 
stations. 
Bugaia 
Cyclopoid copepods were the predominant food item (60%) in the diet of fish 20-29 mm 
standard length, followed by Calanoid copepods (30%) and Cladocera (10%). Between 
30-49 mm, the amount of Cyclopoid copepods ingested decreased from 45% to 4.1 %, 
Cladocerans from 45% to 10.2% while the contribution of Calanoid copepods increased 
from 10% to 24.5%, Chironomid larvae from 0% to 51 %. Between 50-59 mm, the 
diversity of food items ingested increased with Chaoborus larvae contributing 22.5%, 
Calanoid copepods 22.1 %, Chironomid larvae 20%, Cladocerans 8%, Chironomid pupae 
7.5%, Cyclopoid copepods 6.4% and Chaoborus pupae 2.8%. Overall, Chironomid larvae 
contributed 37% followed by Calanoid copepods (22%), Cyclopoid copepods (10%), 
Chironomid pupae (7%), Chaoborus larvae (7%), Chaoborus pupae "(5%) and 
Cladocerans (5%) (Figure 15b). Generally the major food categories ingested by 
Yssichromis in Bugaia were insects (55%) and zooplankton (38%). 
Buvuma channel 
Fish of 20-29 mm standard length fed on Cyclopoid copepods (54.2%) followed by 
Cladocerans (35.3%) and Calanoid copepods (10.5%) (Fig. 12). Between 30 and 69 nun 
standard length, the contribution of Cyclopoid copepods decreased from 26.7% to 10.6%, 
Calanoid copepods from 29.7% to 8.9%, Cladocerans from 23.1 % to 8.7% while the 
contribution of Chironomid larvae increased from 15% to 27.2%, Chironomid pupae 
from 5.6% to 15.7% and Chaoborus larvae from 0% to 13.8%. Between 70 and 79 nun, 
Cladocerans contributed 23.5% follo\ved by Chironomid pupae 20.6%, Chaoborus pupae 
14.4%, Calanoid copepods 13.5%, Cyclopoid copepods 12.4%, Chironomid larvae 9.4%,
 
Chaoborus larvae 4.7% and others 1.5%. Overall, Chironomid larvae contributed 23%
 
followed by Cyclopoid copepods (22%), Cladocerans (16%), Calanoid copepods (15%),
 




The major food categories ingested by Yssichromis spp. in Buvuma were zooplankton
 
(53%) and insects (41%).
 
Napoleon Gulf 
Adult Yssichromis specimen between 60 & 79 mm SL which had been caught as by-catch 
of R. argentea had 80% of the stomachs full (Fig. 14). Overall, Chaoborus larvae 
contributed 340/0 followed by Chironomid larvae (16%), Cyclopoid copepods (10%), 
Calanoid copepods (100/0), Cladocerans (5%), Chironomid pupae 5%, Chaoborus pupae 
(3%) and other materials which could not easily be identified contributed 17% (Figure 
15c). The major food categories were insect larvae (56%) and zooplankton (26%). 
Comparing the food of Yssichromis species between stations, the relative importance of 
Chironomid larvae (37%) and .Calanoid copepods (22%) was higher in Bugaia than in 
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Buvuma channel while Cyclopoid copepods (10%) and Chironomid pupae (7%) were 
relatively less important in Bugaia than Buvuma channel. Yssichromis spp. relatively fed 
on more zooplankton in Buvuma channel (53%) than in Bugaia (38%). 
In Napoleon Gulf the fish caught as by-catch from the commercial light fishing of R. 
argentea had fed mainly on Chaoborus (34%) and Chironomid (16%) larvae. Generally, 
fish caught at night in Napoleon Gulf had fed on more insects (560/0) than zooplankton 
(260/0) (Figure 16). 
The major food categories of Yssichomis species 
Yssichromis fed mainly on zooplankton and insects (Fig. 17). The fish of 20-29 mm SL 
fed exclusively on zooplankton. Between 30 & 39 mm standard length, insect larvae and 
pupae (16%) were incorporated with zooplankton (84%) into the diet. The ingestion of 
insect larvae and pupae increased between 40 & 79 mm SL from 40% to 54% while that 
of zooplankton decreased from 59% to 37%. Phytoplankton (6%) and other unidentified 
materials (10%) did not form a major part of the fish diet but seemed to have been taken 
in the process of ingesting zooplankton and insects. When all the sizes of fish are 
considered, the relative importance of the two major food categories was as follows; 
zooplankton (48%) and insects (45~) (Fig. 18). 
Generally, most of the fish captured from Bugaia and Buvuma channel in' the late 
afternoons had empty stomachs or few zooplankton food items while those sampled in 
the early hours of the day (0900hrs-1200hrs) had mainly the insect larvae. Often the two 
food types (Zooplankton and Insect larvae) were clustered in different parts of the 
stomach. This could indicate that the fish fed on insect larvae in the night and 
zooplankton during the day. Some fish scales, eye remains and eggs were found in very 
few stomachs. Few cases of endoparasites (Cestoda) were observed among the juveniles. 
Its apparent that the quantity and type of food item ingested mainly depended on size of 
fish and time of feeding. 
Discussion 
The general ecology of Yssichromis spp. 
Y fusiformis and Y laparogramma are pelagic zooplanktivorous haplochromines which 
are recovering in the preselfce of Nile perch. Zooplanktivores are known to be pelagic 
and perform vertical migration in the water column, staying deeper during daytime and 
towards the surface during the night. 
Vertical migration, the swimming upward during sunset and then downward during 
sunrise is a very common behavioural characteristic of zooplankton (Hutchinson 1967). 
Migration of zooplankton is mediated by changing light intensities as the sun rises and 
sets and some planktivorous fish join in at least part of this daily excursion (Haney and 
Hall 1975). 
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Cichlids search their food mainly by vision (Fryer & lIes 1972). In Napoleon Gulf, 
specimen of Yssichromis spp. collected from the commercial R. argentea fishery had 
80% of their stomachs full and this was attributed to aggregation of fish food due to the 
use of light for fishing. It is likely that horizontal as well as vertical migration of
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Yssichromis spp. is influe"nced by the migration of its zooplankton food. In the Mwanza 
gulf, zooplanktivorous haplochromines were found to feed almost exclusively on 
zooplankton during the day and mainly on Chaoborous larvae at night (Goldschmidt et 
al. 1990). By day, the insect larvae live in the bottom mud and are not accessible to most 
fishes (McDonald 1956). However at night, these larvae migrate towards the water 
surface to feed on zooplankton, and may become available to fish. This concurs with the 
findings from Napoleon Gulf in this study. 
There are indication lakefly swarms have increased since the second half of the 1980s 
(Kaufman 1992, Mbahinzireki 1992, 1993). The possible cause has been diminished 
predation pressure due to decline of haplochromines and other insectivorous fishes. 
Since this food source appears to be abundant, then competition has not been a limiting 
factor to the survival of Yssichromis species. Although Yssichromis spp. showed a 
definite preference for zooplankton, the degree of predation upon them decreased with 
the increase in the size of the fish. The preference for insect larvae by adult Yssichromis 
spp. may be due to ecological benefits derived from eating larger prey. 
The ability to incorporate mainly larger zooplankton and insect larvae, particularly the 
adult fish could have reduced the competition for smaller zooplankton with the cyprinid 
R. argentea which in addition to Cyclopoid copepods, also feed on° rotifers and 
diaptomids (Mwebaza - Ndawula 1998). Hence, the extent to which the diet of the two 
species overlap does not warrant any conclusion that the supply of food is a limiting 
factor. Also, the switching by Yssichromis spp. from small zooplankton prey such as 
Cladocerans and Copepods to the larger insect larvae at night enables the species to use 
optimal energy in foraging. 
The trophic role of pelagic zooplanktivores in the present foodweb of Lake Victoria 
fish community. 
The reduction of the haplochromines resulted in the upsurge of R. argentea biomass 
through much reduced interspecific competition due to the feeding pattern (Wanink et ale 
1988). Adult fishes stay near the bottom of the lake during day light hours and move to 
near the surface at night. A similar pattern has been observed with Yssichromis spp~ in the 
Mwanza Gulf (Witte 1981). This behavioural pattern could be associated with depth 
related biotic and abiotic factors like dissolved oxygen in the water column, light 
penetration, food abundance, competition, predation and parasitism (Katunzi 1992). 
The prey composition of R. argentea includes dead floating adult insects (from water 
surface), pelagic crustaceans, zooplankton and rotifers and benthic elements such as 
Chironomid larvae and the prawns, Caridina nilotica (Mwebaza - Ndawula 1998). 
Yssichromis species feed on zooplankton and insect larvae. Judging from the prey 
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composition of Yssichromis spp. and R. argentea, there is a clear indication that confirms 
the important trophic role these fishes playas major consumers of zooplankton and insect 
larvae in the foodweb of the lake ecosystem. Presently, R. argentea is a major food of the 
Nile perch, an opportunistic top predator feeding on secondary and occasionally tertiary 
consumers (Ligtvoet et ale 1989, Ogutu-Ohwayo 1994). The two main flows of energy 
formerly transferred via haplpchromines are currently the detritus food chain via the 
prawn, C. nilotica and insect larvae culminating in the Nile perch and the phytoplankton 
food. chain via zooplankton and zooplanktivores (Yssichromis spp. & R. argentea) and 
small Nile perch culminating in adult Nile perch (Figure 26). 
In the Mwanza Gulf in 1984, before the Nile perch boom, there was presence of high 
species diversity of haplochromine trophic groups (Goldschmidt 1996). Fish-eaters 
comprised 134 species, zooplanktivores 21, insectivores 29, the unknown 53, prawn­
eaters 13, molluscivores 21, detritivores 13, phtoplanktivores 3, algae-eaters 10, crab-­
eaters 1, plant-eaters 2 and parasites 2. 
In Napoleon Gulf, an inshore habitat, studies showed the presence of fewer 
haplochromine trophic groups, mainly the insectivores which comprised 13 species 
(Namulemo 1997). Others included the prawn eaters 2, snail-eaters 2 and the unknown 4. 
The detritivores, phytoplanktivores, algae-eaters, crab-eaters, plant-eaters and parasites 
that were recorded in the Mwanza Gulf were absent. 
In this study, Yssichromis species was caught as bycatch of the R. argentea in the inshore c 
(Napoleon Gulf) waters and the species was found to be the most abundant pelagic 
haplochromine in the offshore (Bugaia) waters. The diversity of the haplochromine 
trophic groups has therefore decreased both in the ~nshore and otIshore waters. Basing on 
the diet of Yssichromis spp. comprising zooplankton (48%) and insects (45%), the species 
can be considered one of the .few surviving members of the zooplanktivorous 
haplochromine tr<:>phic group in Lake Victoria which is not exclusively zooplanktivore. 
Yssichromis spp. is serving an indirect bridging role in the transfer of energy from the 
lower (Zooplankton and insects) to the higher trophic (fish) levels as a secondary 
consumer. The fishery is not contributing to the direct conversion of the primary 
products, the phytoplankton and detritus that were efficiently utilised by the diverse 
haplochromine trophic groups that existed before the Nile perch boom (Figure 27). 
Conclusions 
•	 Yssichromis spp., currently the most abundant haplochromine is feeding on 
zooplankton and insects. 
•	 Most of the primary energy products are apparently channelled through the 
invertebrate loop (Insects and Zooplankton). 
•	 The fishery is not contributing to the direct conversion of the primary products 
(phytoplankton and detritus) into fish. 
10 
Recommendation 
Intense exploitation of this zooplanktivorous group, particularly R. argentea will make 
Yssichromis spp. very vulnerable to predation by Nile perch and will tantamount to a 
simplified foodweb with subsequent increase in cannibalism by the top predator. 
Yssichromis spp. therefore can not yet sustain a commercial fishery like R. argentea but 
needs to be conserved inorder to play the bridging role in the foodweb of the lake 
ecosystem. 
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CHAPTER lIB 
Fishing gear selectivity of. Lates niloticus Le{Nile perch), Oreochromis niloticus L. (Nile' 
tilapia) and Rastrineobola argentea Pellegrin (Mukene) in lakes Victoria, Kyoga ~nd 
Nabugabo. 
Ogutu-Ohwayo, R., S.B. Wandera and f. R. Kamanyi, Fisheries Research Institute. 
P. O. Box 343, finja, Uganda. 
Abstract 
Catch effort data on which fisheries management regulations are sometimes' based are not 
available for most lakes in Uganda. However, failure to regulate fishing gears and methods 
has been a major cause of collapse of fisheries in the country. Fisheries have been damaged 
by destructive and non-selective fishing gears and methods such as trawling and beach 
seining, by use of gill nets of mesh size which crop immature fish and by introduction of 
mechanised fishing. Selectivity of the gears used to crop Lates niloticus L. (Nile perch), 
Oreochromis niloticus L. (Nile tilap~a) and Rastrineobola argentea (Mukene) which are 
currently the most important commercial species in Uganda were examined in order to 
recommend the most suitable types, sizes and methods that should be used in exploiting these 
fisheries. Gill nets of less than 127 mm mainly cropped immature Nile tilapia and Nile perch. 
To protect these fisheries, the minimum mesh size of gill nets should be set at 127 mm. 
Seine nets of 5 mm do catch high proportions of immature Mukene while those of 10 mm 
catch mainly mature Mukene. When operated inshore, both sizes catch immature Nile perch 
and Nile tilapia as by-catch. To protect the Mukene fishery and avoid catching immature bye­
catch, a minimum mesh size of the Mukene net should have been 10 mm operated as Lampara 
type net offshore but since most fishermen have been· using the 5 mm seine for over five years 
the minimum size should .not be allowed to drop below 5 mm pending further thorough 
investigations. Beach seining, trawling and are destructive to fisheries and should be 
prohibited until data that may justify their use is available. 
Introduction 
The concept of maximum sustainable yield on which fisheries management regulations 
.are based may not be applicable on most lakes in Uganda because of poor or non-existence of 
catch/effort data and the open access policy on these lakes. However, historical data show 
that the collapse of important commercial fisheries on lakes and rivers in Uganda were caused 
by selective fishing, introduction and indiscriminate use of destructive fishing gears and 
introduction of mechanized fishing without having sufficient means of controlling it (Jackson 
1971, Garrod 1961, Cadwalladr 1969, Ogutu-Ohwayo 1990). The decline in stocks of 
Oreochromis esculentus Graham which formed the most imp~rtant commercial fisheries on 
lakes Victoria and Kyoga were caused by shifts to smaller mesh gill nets which cropped 
immature fish (Fryer & lIes 1972, Ogutu-Ohwayo 1990). From about 1930 to 1960, the 
fisheries of Lake Victoria had been managed by controlling the mesh size of gill nets. Gill 
nets of less than 127 mm (5") stretched mesh had been prohibited because they cropped 
immature O. esculentus· which were at that time the most important commercial species. 
When the mesh size restrictions were removed, there was a shift to smaller meshes which 
3 
compared with known sizes at first maturity for each species. 
Results and Discussions 
Size at first maturity 
In fish~ries management, the .size limit of fish that should be cropped is normally set 
at the size at first maturity (Le. the size at which 50% of members of that species are 
mature(Beverton & Holt 1957)). The logic behind this is that it allows 50 % of the individuals 
to breed before they are cropped and hence sustain the stocks. 
The size at firs.t maturity of the Nile tilapia in lakes Victoria and Kyoga is around 23 
cm total length for males and 25 cm for females and by 28.5 cm all fish are mature (Balirwa 
pers. conun.). The sizes at first maturity for Nile perch is 50-55 cm TL for males and 90-100 
cm for females (Ogutu-Ohwayo 1988). The size at first maturity of Mukene is currently 42 
nun and by 45 nun all the fish are mature (Wandera 1993). 
The impact of trawls and seines 
Seines and trawls are operated as active gear. The dragging of these gears on the lake 
bottom especially near the lake's margins where tilapiines breed, destroys tilapia nests and 
disrupts courtship on breeding grounds of the tilapiines. Sweeping of the lake bottoms also 
destroys habitats of benthic organisms which affects important food of fishes. These gears 
are also not very selective. As fish are caught, smaller fish than would not normally be 
retained are caught due to blocking of the meshes by larger fish. Trawling.also destroys nets 
of artisanal fishermen. 
The length frequency distribution of Nile perch and Nile tilapia caught in trawl nets of 
different codend mesh sizes are illustrated in Figure 1. Codends of mesh sizes less than 127 
nun (5 n) catch large proportions of immature Nile perch and Nile tilapia. If trawling were to 
be penni.tted on Lake Victoria, the minimum codend of the trawl net should, as in the case of 
the gill net fishery discussed later, not be less than 127 mm (5 inches). 
The impact of the gill nets 
~., 
The size distributions of Nile tilapia caught in gill nets of 76 nun (3 ") to 178 mm (7 ") 
'and that of Nile perch caught "in gill nets of stretched mesh 76 nun (3 It) to 254 nun (Ion) are 
illustrated in Figures 2 and 3. The length frequency distribution of Nile tilapia and Nile perch 
caught in each mesh size followed a normal distribution with each mesh size retaining a 
specific size range of fish. 
Since the size at first maturity of the Nile tilapia in lakes Victoria and Kyoga is around 
25 cm total length (TL), the minimum size of Nile tilapia that should be permitted should be 
25 cm. However, fishing pressure on lakes Victoria and Kyoga is. very high while the 
fecundity of the Nile tilapia is relatively low. It is, therefore logical to set the gill net limit for 
the Nile tilapia at 100% maturity to preserve enough spawners in the population. In lakes 
Victoria and Kyoga, 100% maturity in Nile tilapia is at 28.5 cm TL. This would require a 
minimum gill net mesh size of 127 nun (5") (Fig. 2). This suggests that the minimum gill net 
mesh s.ize limit in respect to Nile tilapia should be set at 127 nun. 
The minimum mesh size suggested above for the Nile tilapia would crop immature 
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Nile perch (Fig. 3). However, biological and ecological considerations justify setting the 
minimum mesh at 127 mm. Nile perch is a predator which during certain. stages of its 
development becomes detrimental to the fishery by feeding on other commercially important 
fishes (Ogutu-Ohwayo 1985). Increasing fishing pressure on Nile perch of the size range 
which feeds on other commercially important fishes would be beneficial to the fishery. 
Further, the species has high capacity to replace itself; each female produces millions of eggs 
at each breeding (Ogutu-Ohwayo 1988). 
Nile perch up to 50 cm feeds predominantly on invertebrates; especially, the prawns 
Caridina nilotica and dragonfly nymphs. At this size, it plays a beneficial role because it 
converts the invertebrates into a consumable commodity, fish. Nile perch shifts to a 
predominantly piscivorous diet comprising Mukene, juvenile Nile perch and Nile tilapia after 
about 50 cm and finally concentrates on the Nile tilapia after about 95 em. Large Nile perch 
are, therefore, destructive to other commercially important fishes. Schindler et al (1995) 
have predicted that enforcement of a 127 mm minimum mesh would reduce predation on 
other important fishes with little decrease on Nile perch yield. Use of mesh sizes which crop 
Nile perch of more than 50 cm might, therefore, be beneficial to the .fishery by reducing 
predation pressure on the two other commercially important fish species in lakes Victoria, 
Kyoga and Nabugabo. The size range of Nile perch given above coincides with the mesh size 
limit suggested for the Nile tilapia. This further suggests that the minimum size of Nile perch 
permitted to be landed should be 50 cm and not 46 cm as in the Fish and Crocodiles 
Instrument of 1981. 
The impact of mosquito seines 
Up to 1988, Mukene in the Ugandan waters of Lake Victoria was exploited using a 10 
mm mesh seine operated as a beach seine. In 1989, a smaller meshed mosquito net (5 mm) 
was introduced. This net was operated either as a Lampara net or a scoop net. This mesh 
size and fishing methods are currently in wide use in lakes Victoria and Kyoga. There is no 
fishing ·for Mukene on Lake Nabugabo although the species is abundant in the lake. 
Length frequency distributions of Mukene retained by the 10 mm and the 5 mm mesh 
seine are illustrated in Figure 4. The 10 mm seine captured Mukene of more than 30 mm 
standard length and a mean of 48 mm. Using the 5 mm seine, the mean length dropped to 36 
mm, with specimens as small as 19 mm being retained. 
While the 10 mm seine cropped mostly mature individuals, the 5 mm net captures a 
"larger proportion of immature Mukene especially during the period when new cohorts are 
recruited into the fishery. The size structure of Mukene caught by artisanal fishermen on 
Lake Victoria using 5 mm mesh Lampara net during the period January to December 1992 is 
shown in Figure 5. New cohorts were recruited into the fishery twice that year. First 
recruitment occurred in the months of April to May while the second one occurred in 
September. During these periods, the 5 mm mesh net caught high proportions of immature 
Mukene (Fig. 6). Mature individuals dominated the catches only during the months of 
January to March and July to August. Therefore, 5 nun nets are safe only for 5 months. 
Unfortunately two of these, January and August are peak breeding months for R. argentea 
(Wandera 1992). This leaves only 3 safe fishing months if breeding individuals are to be 
saved. 
The diffe~ent types of fish taxa and the proportions caught in the mosquito seines 
operated as beach seine inshore and as a Lampara net offshore are illustrated in Figure 7. 
5 
The Lampara net operated offshore captures mainly the target species R. argentea with 
negligible quantities of Nile perch and Nile tilapia. On the other hand, beach seine catches 
are composed of high proportions of juvenile Nile perch and Nile tilapia as bye-catch. These 
nets are therefore detrimental to the fishery when operated as beach seines inshore. Fishing 
for Mukene should, therefore,be done using the Lampara type lift net operated offshore. 
Also, over 70% of Mukene caught by the 5 mm seine net are immature (Fig. 4) and this is 
directly detrimental to the Mukene fishery. However, the 10 mm mesh net is no longer used 
on Lake Victoria. It is the 5 mmmesh which is now used. Prohibiting the 5 mm seines 
without providing a suitable alternative may have negative socio-economic consequences. 
Further research should be done to identify a suitable size for exploiting the Mukene fishery. 
As an interim measure and to avoid further deterioration in the Mukene fishery, mosquito 
seines of less than 5 mm shou~d not be al.lowed in the fishery. 
Recommendation 
On the basis of the above observations 127 mm (5") should be the minimum mesh size 
of gill net permitted on lakes Victoria and Kyoga and Nabugabo. The minimum length of 
Nile tilapia should remain at 28 cm but that of Nile perch should be increased from 46 cm to 
50 em. The minimum mesh size limit of seine net for Mukene should have been 10 mm but 
since virtually all fishermen have already shifted to the 5 mm net, the minimum mesh size 
limit for Mukene should not be allowed to drop below the current 5 mm mesh pending further 
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